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Description 

The present invention relates to novel 3-pyrrolidinylthio-1-a2abicyclo[3.2.0]hept-2-ene-2-carboxylic acid 
derivatives and pharmaceutical^ acceptable salts thereof; mor particularly, it relates to novel 3- 
pyrrolidinylthio-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid derivatives of general formula 




(I) 



wherein R 1 to R 5 , A and X are as defined below and pharmaceutical ly acceptable salts thereof, which are 

highly active against a number of pathogenic microorganisms and therefor useful as antimicrobial agents, to 

processes and intermediate compounds for the preparation thereof, to a pharmaceutical composition 
20 comprising the same as an active ingredient, and to the use of the same as a medicament and in the 

treatment of infectious diseases caused by pathogenic microorganisms in human being or animals. 

3-Pyrrolidinylthio-1-azabicyclo[3.2.0]-hept-2-ene-2-carboxylic acid derivatives having a structure similar 

to the above formula (I) are already known from EP-A-0 072 710 and EP-A-0 182 213. The essential 

structural difference between the compounds disclosed in the above publications and those of the present 
25 application is the nature of the substituent in the pyrrolidine ring (A-X-R* in the above general formula) and 

in X which is not aquivalent to X-R\ respectively. 

Furthermore, in EP-A-0 243 686 which is a publication according to Article 54.3 EPC. similar 

compounds are disclosed which differ from the compounds of the present invention in the nature of the Y 

substituent which is not the same as X-R 4 in the above formula (I). 
30 All these compounds disclosed in the above publications are known to have an antimicrobial activity. 

The antimicrobial properties of these compounds and their derivatives are well-documented and numerous 

modifications have been made to the basic skeleton whilst still retaining their qualitative activity (see for 

example "Angew. Chem. Ind. Ed. Engl. n , 24 (1985), pages 180-202). 

In the applicant's co-pending EP-A-0 272 456 3-pyrrolidtnylthio-1-azabicyclo-[3.2.0]hept-2-ene-2-carbox- 
35 ylic acid derivatives are described which differ from the compounds of the present invention in that R* is 

protected or unprotected ureido(Ci -Cs)alkyl when X is oxygen. 

The object of the present invention is to provide further novel 3-pyrrolidinylthio-1-azabicyclo [3.2.0]hept- 

2-ene-2-carboxylic acid derivatives which have unexpected advantages over the compounds already known 

from EP-A-0 072 710 and EP-A-0 182 213 mentioned above. 
40 According to the present invention this object can be achieved by providing novel 3-pyrrolidinyithio-1- 

azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid derivatives having general formula (I) following below. 

According to a first aspect the present invention relates to novel 3-pyrrolidinylthio-1-azabicycIo[3.2.0]- 

hept-2-ene-2-carboxyylic acid derivatives which can be represented by the following general formula: 



2 R 3 A-X-R 4 



(I) 



1 R 5 



R 



55 in which 

R 1 is carboxy or protected carboxy. 

R 2 is hydroxy (Ci -Chalky I or protected hydroxy (Ci -Chalky I, 

R 3 is hydrogen or Ci-C& alkyl, 
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' S P rotected or unprotected hydroxy (C, -C* )alkyl: protected or unprotected hydroxy (C.-Ctalkvl 

^\TT t ° r ^ nPr ° teCted amin ° : ha '° P^-ted or unprotect^^lSyl' 

f V \ Pf 1 !f ° f Unprotected amino (C-Csjalkyl; protected or unprotected ureido <C* • 

Csjalkyl; protected or unprotected ureidocarbonyl (C, -Cs )alkyl; triazolylfC-Cstelkyl- saturated 
or unsaturated 5 or 6-membered heterocyclic group containing 1 to 4 niJogen atom"? t 

h T 9 h » f h S k " 3 T (S) ^ 1 t0 3 nitr ° 9en at0m(S >' wherein said neterocyciic group 
may b e subst.tuted by su.table substituent(s) selected from C,-Cs alky., amino. aminofC, Cs) 
alky., mono(or d.) (C, -Cs )a.ky.amino. mono(or di) (C,-C 6 )alky.amino(C,-C 6 )alkyl and imSo- 
protective group; or Ci -Cs alkylsulfonyl; 
o R s is hydrogen, Ci -Cs alkanimidoyl or imino-protective group 
A is Ci -C* alkylene. and 
X is sulfur, oxygen, imino or protected imino, 
provided that 

when X is oxygen, 
s then R* is not "protected or unprotected ureido(Ci -Cs)alkyl", 
and pharmaceutical^ acceptable salts thereof. 

The 3-pyrrolidinylthio-1-a 2 abicyclo[3.2.0]hept-2-ene-2-carboxylic acid derivatives and their pharmaceuti- 
cal^ acceptable salts of the present invention have an antimicrobial activity, i.e. they are Eigh.y acXe 
agamst a number of pathogenic microorganisms and are useful as antimicrobial agents. Therefore hey can 

Z^ZZZ^"* in the treatment of infectious diseasis caused by pathOQenic «*™«^ 

Preferred compounds of the present invention are those of the above general formula (I), wherein 
ft 4 is hydroxy(Ci-C*)alkyl, 
R 3 is hydrogen or C t -C* alkyl, 

R* is carbamoyloxytC, -COalkyl; [phenyl(or nitrophenyl)(C, -C<)alkoxy]carbonyloxy(C, -Oalkyl- 
^^r^'^™ t tri < C '- C *) a,k y | ^y'loxy(C--COa.ky. ; hydroxWCi-cja.ky, 
hydroxy C,-C0alkyl having amino or phenyl(or nitrophenyl)(C, -COalkoxycarbonylamino; dihalo- 
(C,-C*)alkyl; carbamoyl(C, -C»)alkyl; trihalo(C, -C*)alkanoylcarbamoyl(C,-COalkyl- N-fbis^fC- 
COalkoxyphenyl}^, -C.)a.ky.]carbamoy.(C, -COa.kyl; halosu.fony.carbamoyl(C, -Chalky!; amino- 
(C,-C 4 )alkyl; N-[phenyl(or nitrophenyl)(C,-COalkoxycarbonyl]amino(C, -COalkyl- (C-CO- 
a.ky^ulfonylamino(C,-a)alkyl; ureido(C, -COalkyl; phenyl(C, -COalkylureido('c, -Chalky • 
ure.docarbonyl(C, -C*)alkyl; P henyl(C, -C*)alkylureidocarbonyl(C, -C<)alkyl; triazolyl C, -C. alkyl' 
saturated or unsaturated 5 or 6-membered heteromonocyclic group containing 1 to 4 nitrogen 

3 H (s n ?V , t0 2 su i fur atom(s) and 1 to 3 nitrogen atom(s) - which ™y have C, -C 

f' ky ^ N,N-d.(C,-COalk y iam,no(C,-COalky. or phenyl(or nitrophenyl)(C, -C<)a.koxycarbonyl; or 
(Ci-C«) alkylsulfonyl; ' 

R s is hydrogen or Ci -C» alkanimidoyl, and 

A is Ci -C* alkylene; 

in particular those wherein 

R 3 is Ci-C 4 alkyl. and 

R*is carbamoyloxy(C,-C*)alkyl; hydroxy(C, -Chalky I; hydroxy(C, -COalkyl having amino or 
r ^uT^'l } t kox ^ arb ° n y |amin o: difluoro(C,-COalkyl; carbamoyl^, -COalkyl: amino(C- 
C* aky ; N-[n,trophenyl(C, -C<)alkoxycarbony.amino(C, -C^alkyl; (C-C.)alkylsulfonylamino C- 
C*)alky ; ure.do(C,-C*)alkyl; ureidocarbonyl(C, -COalkyl; triazotyKC, -C*)alkyl;. tetrazolyl pyr- 
rohd.nyl th.ad.azolyl or tetrazolyl. wherein said heterocyclic groups may have C.-C* alkyl N N- 
especia..y those wSSlT ,am,n0(C '- C * )a,k y | 0r n'tropheny,(C,-COa.koxycarbony.; or (C,-C<)a.k y .su.fony,; ' 

R 2 is 1-hydroxyethyl t 
R 3 is methyl, 

R* is 2-hydroxyethyl. 2-carbamoyloxyethyl, a-amino-^hydroxypropyl.difluoromethyl, carbamoyl- 
methyl 1 -carbamoyl- 1-methylethyl, 2-aminoethyl, 2-amino-1.1^imethylethyl, \. 
memylsulfonylammojethyl, 2-ureidoethyl, 1.1^imethyl-2-ureidoethyl, ureidocarbony I methyl 
l^wl^ST^ ^ Pyrrolidinyl. thiadiazolyl. 1 -methyl-1 H-tetrazolyl, H2.(N,N-dimethylamino)- 
ethy I]- 1 H-tetrazolyl or methylsuifonyl, 
A is methylene, and 
X is sulfur, oxygen or imino. 
A particularly preferred compound is 
(4R,5S,6S>-3-[<2S.4S>-2^^ 
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oxo-1 -azabicyclo{3.2.0]hept-2-ene-2-carboxylic acid. 

According to a further preferred embodiment the present invention relates to compounds of general 
formula (I) wherein 

R 4 is 2-hydroxyethyl, 2-carbamoyloxy ethyl, carbamoylmethyl, 1-carbamoyl-1-methylethyl, 2- 

aminoethyl or 2-<methylsulfonylamino)ethy1, and 
X is oxygen; 
in particular to the compound 

(4R,5S,6S)-3-[(2S,4S)-2-(2-aminoethyloxymethyl)pyrrol^^ 
1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid acetate; 
especially those compounds wherein 

R* is 2-ureidoethyl or methylsulfonyl, and 

X is imino. 

A particularly preferred compound of the invention is 
(4R,5S,6S)-6-[(1 R)-1 -hydroxyethyl]-4-me 
thio-l-azabicyc1o[3.2.0]hept-2-ene-2-carboxylic acid. 

According to another preferred embodiment the present invention relates to compounds of the above 
formula (I), wherein R 3 is hydrogen; 
in particular those, wherein 

R* is unsaturated 5 or 6-membered heteromonocyclic group containing 1 to 4 nitrogen atom(s); 
especially those compounds, wherein 
R 2 is 1-hydroxyethyl, 
R* is pyridyl, 
R s is hydrogen, 
. A is methylene, and 
X is sulfur. 

A further particularly preferred compound of the present invention is 
(5R,6S)-6-[(1 RH -hydroxyethyl]-7-oxo^ 
[3.2.0]hept-2-ene-2-carboxylic acid. 

According to a second aspect the present invention relates to a process for the preparation of the 
compounds of general formula (I) as defined above and salts thereof, which comprises 
(a) reacting a compound of the formula : 



wherein R\ R 2 and R 3 are each as defined above, or a reactive derivative at the oxo group thereof or 
salts thereof with a compound of the formula : 




3 




4 

A-X-R 





R" 



wherein R* , R 5 , A and X are each as defined above, 
or salts thereof to give a compound of the formula : 
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5 




70 

wherein R\ R 2 , R 3 , R*. R 5 , A and X are each as defined above, 
or salts thereof; and 

(b) subjecting a compound of the formula : 



75 



20 




25 wherein R 2 , R 3 , R 4 , R 5 , A and X are each as defined above, and 
R a is protected car boxy, 

or salts thereof to elimination reaction of the carboxy-protective group on R a to give a compound of the 
formula : 

30 



35 




40 wherein R 2 , R 3 , R* , R 5 , A and X are each as defined above, 
or salts thereof; and 

(c) subjecting a compound of the formula : 



45 



50 




wherein R 1 R 2 R 3 , R 4 t A and X are each as defined above, and 
ss R* is imino-protective group, 

or salts thereof to elimination reaction of the imino-protectiv group of R| to give a compound of the 
formula : 



6 
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5 




70 

wherein R\ R 2 , R 3 , R 4 , A and X are each as defined above. 

or salts thereof 

and 

(d) subjecting a compound of the formula : 



20 




wherein R\ R 3 , R\ R 5 . A and X are each as defined above, and 

R\ is protected hydroxy(Ci-C*)alkyl, 
or salts thereof to elimination reaction of the hydroxy-protective group on R\ to give a compound of the 
30 formula : 



35 




wherein R\ R 3 , R*. R 5 , A and X are each as defined above, and 

R| is hydroxy (Ci-C*)alky I, 
or salts thereof; 
45 and 

(e) reacting a compound of the formula : 



50 




wherein R\ R 2 , R 3 , R\ A and X are each as defined above. 

or salts thereof with Ci -C* alkanimidoylating agent to give a compound of the formula : 

7 
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A-X-R 4 



R 1 



10 



15 



20 



r" "I*- A ^ X 3re eaCh as defined 
•^b 'S Ci-Ce alkanimidoyl, 

or salts thereof. 

acceptable carrier or excipient b ° VS ,n adm.xture with a pharmaceutical^ 



25 



HS 



A-X-R 




(III) 



» in which R*. R s , A and X are each as defined above or salts thereof 

-p^itTp^r^^' a p r ss ,or the p — - - 

formula: mereof wh,ch compnses subjecting a compound of general 



35 



40 




(Ilia) 



45 



50 



55 



in which R». rs, A and X are each as defined above and 

,s mercapto-protective group 
0f T^SJ° t e J iminati0 " re3Cti0n °' the ^Pto-protectJve group of fl> 

und^vr .rr; s n ir S ;:^r ate ™ s ° f <-»>■ « - - - 

asymmetric carbon atom(s) and sue \ ZmeTJZ^ ^ SUCh 33 °P tical is °™rs due to 

Suitable pharmaceutic^ accepJabTe sa Lot it 'St ? ^ " the present inven «°- 

and may include a salt with'a base' such ^rSiSt^rST^ ? " T™"'*"" Sa,ts 
sod.um salt and potassium salt) an alkaline eJhJS!? ,f , sample, an alkali metal salt (e.g. 

ammonium salt, an organic base sat ofexam^e TL^Jlt ^ 53,1 ma 9 nesium "It) an 
satt. picoHne sa.t. ethano.amine salt. 2^ 

zylethylenediamine salt and dibenzylamine slH^^^? w d '^.ohexylamine salt. N.N'-diben- 
(e g. hydrochloride, hydrobromid* suKate and pho D hl» ,n ^ ** 3Cid additi °" sa « 

acetate, trifluoroacetate. maleate. tartrate ^^^22? ^ ^ ^ add ' ti0n S3lt (# * formate - 
with a basic or. acidic amino acid (e.g aTgS T^T??*?- and "Sulfonate,; a salt 
quaternary salt. y 9 ' aSpartc acid - 9'utam.c acid; and an intermolecular 



8 



EP 0 280 771 B1 



According to the present invention, the object derivatives (I)' and pharmaceutical ly acceptable salts 
thereof can b prepared by the processes as illustrated by the following reaction schemes. 




(ID (I) 
or a reactive derivative or salts thereof 

at the oxo group thereof 
or salts thereof 



Process 2 : 




A— X-R Elimination ^ 
reaction of the 
carboxy— protective 
group on Ri 
> 




COOH 



(I-b) 
or salts thereof 



Process 3 




Elimination 
reaction of the 
■hni no-protective 
group of 



A-X-R 4 



(I-c) 
or salts thereof 



(I-d) 
or salts thereof 



9 
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Process 4 



10 




(I-e) 
or salts thereof 



Elimination 

Reaction of 

the hydroxy- 

protective 

group on Pr 
a 



15 




20 



25 



Process 5 : 
2 R3 




NH 



C l- C 6- 



A-x-R 4 AlJcaiumidoyla- 



ting Agent 



,3 



1 D 



30 



(I-d) 
or salts thereof 



35 in which R\ R2, R 3 ( r* ( R 5 , A and X are each as defined above, 
R a 's protected carboxy, 

R| is protected hydroxy (Ci-Csjalkyl, 

is hydroxy(Ci-C6)alkyl t 
is imino-protective group, and 

40 is Ci-Cs- alkanimidoyl. 

The compound (III) used in the Process 
methods or a conventional manner. 



d-g) 
or salts thereof 



1 is new and can be prepared, for example, by the folJowir 



45 



50 



55 



10 
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Me-fchod A i 

A-X-R 4 A-X-R 4 

m-Z^I R 6 -SH (V) ' r6 " S ~\l 

N — N or salts thereof ^"X-S 

10 (IV) (Ill-a) 

or a reactive derivative or salts thereof 
at the hydroxy group 
thereof or salts thereof 



20 Method B : 

A-X-R 4 



30 



Mi 



25 R ^ Elimination reaction HS 

\ 2 of the mercapto- 

R protective group 




(IH-a) 

or salts thereof or salts thereof 



as in which R*. R 5 , A and X are each as defined above, and 
R s is a mercapto-protective group. 

In the above and subsequent descriptions of the present specification, suitable examples and illustra- 
tions of the various definitions which the present invention includes within the scope thereof are explained in 
detail as follows. 

40 Suitable "protected carboxy" may include esterified carboxy wherein "esterified carboxy" can be 
referred to the ones as mentioned below. 

Suitable examples of the ester moiety of an esterified carboxy nay be the ones such as Ci-Ce- aikyl 
ester (e.g. methyl ester, ethyl ester, propyl ester, isopropyl ester, butyl ester, isobutyl ester, t-butyl ester, 
pentyl ester, and hexyl ester) which may have at least one suitable substituent(s), for example, Ci-Ce- 

45 alkanoyloxy(Ci -C6)alkyl ester [e.g. acetoxymethyl ester, propionyloxy methyl ester, butyryloxymethyl ester, 
yaleryloxymethyl ester, pivaloyloxymethyl ester, hexanoyloxymethyl ester, 1-(or 2-)acetoxy ethyl ester, 1-(or 
2- or 3-)acetoxypropyl ester, 1-(or 2- or 3- or 4-)acetoxy butyl ester. 1-(or 2-)propionyloxyethyl ester, 1 -(or 2- 
or 3-)propionyloxypropyl ester, 1-(or 2-)butyryloxyethyl ester, 1-(or 2-)isobutyryloxyethyl ester, 1-(or 2- 
)pivaloyloxyethyl ester, 1-(or 2-)hexanoyloxyethyl ester, isobutyryloxymethyl ester, 2-ethylbutyryloxymethyl 

so ester, 3.3-dimethylbutyryloxymethyl ester, and 1-(or 2-)pentanoyloxyethyl ester], Ci -C6-alkanesulfony1(Ci - 
Ce)alkyl ester (e.g. 2-mesylethyl ester), mono(or di or tri )halo(Ci-Cs)alkyl ester (e.g. 2-iodoethyl ester, and 
2,2,2-trichloroethyl ester), Ct-Cs- alkoxycarbonyloxy(Ci -C6 )alkyl ester (e.g. methoxycarbonyloxymethyl es- 
ter, ethoxycarbonyloxymethyl ester, propoxycarbonyloxymethyl ester, t-butoxycarbonyloxymethyl ester, 2- 
methoxycarbonyloxyethyLester, 1 -ethoxycarbonyloxyethyl ester, and 1 -isopropoxycarbonyloxy ethyl ester), 

55 phthalidy!idene(Ci-C6)alkyl ester, or (5- Ci -C$-alkyl-2-oxo-1,3-dioxol-4-yl) (Ci-Cejalkyl ester [e.g. (5-methyl- 
2-oxo-l ,3-dioxol-4-yl)methyl ester, (5-ethyl-2-oxo-1,3-dioxol-4-yl)methyl ester, and (5-propyl-2-oxo-1,3- 
dioxol-4-yl)ethyl ester]; Ci-C6-alkenyl ester (e.g. vinyl ester, and allyl ester); Ci-C6-alkynyl ester (e.g. 
ethynyl ester, and propynyl ester); ar(Ct-C6)alkyl ester which may have at least on suitable substituent(s) 

11 
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(e.g. benzyl ester, 4-methoxybenzyl ester. 4-nitrobenzyl ester, phenethyl ester, trityl ester, benzhydryl ester 
bis(methoxyphenyl)methyl ester. 3. 4-dimethoxy benzyl ester, and 4-hydroxy-3,5-di-t-butylbenzyl ester)- aryl 
ester which may have at least on suitable substituent(s) (e.g. phenyl ester, 4-chlorophenyl ester, tolyl ester, 
t-butylphenyl ester, xylyl ester, mesityl ester, and cumenyl ester); and phthalidyl ester. 

More preferable example of the protected carboxy thus defined may be phenyl(Ci-C*)alkoxycarbonyl 
which may have a nitro group and (Ca-CUJalkenyloxycarbonyl, and the most preferable one may be 4- 
nitrobenzyloxycarbonyl and allyloxycarbonyl. 

Suitable "hydroxy(Ci -Chalky!" may include straight or branched C-Ce -alkyl having hydroxy group 
such as hydroxymethyl, hydroxyethyl, hydroxypropyl, 1 -(hydroxymethyl)ethyl, 1 -hydroxy- 1-methylethy I 
hydroxybutyl. hydroxypentyl, and hydroxyhexyl, in which more preferable example may be hydroxy(C, -Ch- 
alky I and the most preferable one may be 1 -hydroxyethyl for R 2 and 2-hydroxyethyl for RV 

Suitable "protected hydroxy (C, -Chalky!" means aforementioned hydroxy(Ci -Ce )alkyl, in which the 
hydroxy group is protected by a conventional hydroxy-protective group such as those mentioned in the 
explanation of imino-protective group as mentioned below; and further ar(Ci -C*)alkyl such as mono- or di- 
or triphenyl(Ct-C6)alkyl (e.g. benzyl, benzhydryl. and trityl; trisubstituted silyl such as tri(Ct -Cejalkylsilyl 
(e.g. trimethylsilyl, triethylsilyl, . isopropyldimethylsilyl. t-butyldimethylsilyl, and diisopropylmethylsilyl) 
tnarylsilyl (e.g. trrphenylsilyl), and triar(Ci -Cejalkylsilyl (e.g. tribenzylsilyl). 

More preferable example of "protected hydroxy (Ci-Cs)alkyr thus defined may be carbamoyloxy(C, - 
Ci)alkyl, [phenyl (or nitrophenyl)(C, -C4)alkoxy]carbonyloxy(Ci -C4)alkyl, [triphenyl(C,-C4)alkoxy](Ct-C4)alkyl 
and [tri(C,-COalkylsilyl]oxy(Ci -Chalky I, and the most preferable one may be 1 -(4-nitrobenzyloxycar- 
bonyloxy)ethyl for R 2 and 2-carbamoyloxyethyl for RV 

Suitable w Ci-C*- alkyr may include straight or branched one such as methyl, ethyl, propyl, isopropyl, 
butyl, t-butyl, pentyl, and hexyl, in which more preferable example may be C1-C4 alkyl and the most 
preferable one may be methyl. 

Suitable "d-Cs alkyl having suitable substituent(s)" may include protected or unprotected hydroxy (Ci- 
Ccjalkyl; protected or unprotected hydroxy (C , -Chalky I having protected or unprotected amino; halo(C, -Cc )- 
alkyl; protected or unprotected carbamoyl(Ci -QOalkyl; protected or unprotected amino(C, -Chalky!; pro- 
tected or unprotected ureido(Ci -G;)alkyl; protected or unprotected ureidocarbonyl(Ci -C6>alkyl;and tiazolyl- 
(Ci -C6)alkyl. 

Suitable protected or unprotected hydroxy(C, -Cs )alkylhaving protected or unprotected amino means 
aforementioned hydroxy (Ci -Chalky I having amino group such as 1-amino-1 -hydroxymethyl, 2-amino-1- 
hydroxyethyl, 1 -amino-2-hydroxyethyl, 3-amino-2-hydroxypropyl, 2-amino-3-hydroxypropyl. 4-amino-3- 
hydroxybutyl, 5-amino-4-hydroxypentyl, and 6-amino-5-hydroxyhexyl, in which the amino and/or hydroxy 
group(s) may be protected by a conventional amino- and/or hydroxy-protective group(s) as mentioned 
below or above. 

More-preferable example of protected or unprotected hydroxy(C, -Ce)alkyl which has protected or 
unprotected amino thus defined may be hydroxy(C,-C4)alkyl having amino or phenyl(or nitrophenyl)(Ct -C*)- 
alkoxycarbonylamino, and the most preferable one may be 3-amino-2-hydroxypropyl and 2-hydroxy-3-(4- 
nitrobenzyloxycarbonyl)aminopropyl. 

Suitable M halo(Ci -Cs )alkyr may include straight or branched Ci-Cs -alkyl having at least one (preferably 
one to three) halogen (e.g. chlorine, bromine, iodine, fluorine) such as chloromethyl, fluoromethyi, dich- 
loromethyl, dibromomethyl, diiodomethyl. difluoromethyl, trifluoromethyl. chloroethyl, chlorofluoroethyl 
difluoroethyl, trifluoroethyl, chloropropyl, difluoropropyl. trichlorobutyl. chloropentyl. and chlorohexyl in 
which more preferable example may be dihalo(Ci -C4)alkyl and the most preferable one may be 
difluoromethyl. 

Suitable "carbamoyl(Ci -Ce )alkyr may include straight or branched lower alkyl having carbamoyl group 
such as carbamoylmethyl, carbamoylethyl, carbamoylpropyl, 1 -(carbamoylmethyl)ethyl. 1 -carbarn oy 1-1- 
methylethyl. carbamoylbutyl. carbamoylpentyl. and carbamoylhexyl, in which more preferable example may 
be carbamoyl(C,-C4)alkyl and the most preferable one may be carbamoylmethyl and 1 -carbamoyl- 1- 
methylethyL 

Suitable "protected carbamoyl(C t -C6)alkyr means aforementioned carbamoyl(Ci-C6)alkyl. in which the 
carbamoyl group is protected by a conventional carbamoyl-protective group such as mono<or di or tri)halo- 
(Ci-C6)alkanoyl (e.g. trichloroacetyl). artd-Ce -alkyl which may have suitable substituent(s). for example 
mono(or di or tri)phenyl(lower)alkyl (e.g. benzyl, phenethyl, benzhydryl. and trityl). mono(or di) C-C*- 
alkoxyphenyl(Ci-C6)alkyl (e.g. 2.4-dimethoxy benzyl), bis (Ci-Cs- alkoxy pheny l)(Ci -Cs )alky I [e.g. bis(4- 
methoxyphenyl)methyl], and halosulfonyl (e.g. chlorosulfonyl), in which more preferabl one may be trihalo- 
(Ci -C*)alkanoyl. bis [(Ci -C4)alkoxyphenyl](Ci -C4)alkyl and halosulfonyl. 
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More preferable example of "protected carbamoyl^, -Cs )alky." thus defined ma y be trihalo(C, -C*)- 
alkanoylcarbamoyl(C, -C*)alkyl. N-[bis{(C, -a)alkoxyphenyl}(C, -COalkyllcarbamoyKC -COalkyl and 

MOS ^^^T^ include straight or branched C-C a,ky. ^J^o^s^ 
as aminomethyl. 1-(or 2-)aminoethyl, aminopropyl. aminobutyl. 2-am,no-1.1-dimethylethyl. 1-(or 2- or 3- 
)amino-l-(or 2-)methylpropyl. aminopentyl. and aminohexyl. in which more preferable example may be 
aLo(C,:COa.ky.. and the most preferable one may be 2-aminoethyl and 2-am,no- 1-d.methytethyK 

Suitable "protected amino(C, -COalkyl" means aforementioned ammo(C, -Csjalkyl. ,n wh.ch the ammo 
group is protected by a conventional amino-protective group such as those mentioned ,n the explanafon of 
protected hydroxy^-CsJalkyl as mentioned above, in which more preferable example may be phenyl(or 
^S^^^wJLfi and C,-C< aikylsulfony., and the most preferable one may be 4-n.troben- 

nitro^eny.)(C,-COalkoxycarbonyl]amino(C,-COalkyl and (C, -COalkyisulfonylam.no^, -COalkyl. and the 
most prated may be 2 -( J 4-nitroben 2 y.oxycarbony.amino)ethyl, 1.1-dimethy.-2-(4-n.trobenzyloxycar- 
bonvlamino)ethyl and 2-<methylsulfonylamino)ethyl. 

Suable "ureido(C, -Chalky." may include straight or branched C,-Or a.ky. hav.ng ure.do group such 
as ureidomethyl. ureidoethyl. ureidopropyl. l-(ureidomethy.)eth y i, l-ure.do-1-methy.ethyl. uf-drtJlU- 
dfmethyl-2-ureidoethyl, ureidopentyl. and ureidohexyl. in which more preferable example may be ure.do^, - 
CMalkvl and the most preferable one may be 2-ureidoethyl and 1 ,l-dimethyl-2-ure.doethyl. 

Su^r-protecteS ureido(C, -C, )a.ky.- means aforementioned ureidorC.-CsJalkyl. m wh.ch the ure.do 
group fprotected by a conventional ureido-protective group such as ar(C, -Chalky. ^:ch may have 
suable substituent(s) "for example. mono(or di or tn> P heny.<.ower)a.ky. (e.g. benzy pheneth^ benzhyd^y 
trityl, etc.). mono(or di) C,-Cs-alkoxyphenyl(C,-C s >a.kyl (e.g. 2,4-d.methoxybenzyl). and b.s(C,-&- akox 
yphenyl)(C,-C s )alkyl(e.g. bis(4-methoxyphenyl)methylL in which more preferable one may be P henyl(C- 

Ct)a Suilab.e "ureidocarbonyKC-COalkyr may include straight or branched C-C-aiky. having u^idocar- 
bonyl group such as ureidocarbonylmethyl. ureidocarbonylethyl. ure.docarbonylpropyl 1- 
SocaronymethyOethyl. l-ureidocarbony.-1-meth yl ethy.. ureidocarbonyibutyl. 1.1-dimethy.-2-ure.docar- 
bo^ and ureidocarbonylhexyi. in which more preferabie one may be ure.docar- 

'"s^abte'' "protected ureidocarbony. (Chalky." means aforementioned " eidoc ^ 
which the ureido group is protected by a conventional ureido-protect.ve group such as ar(C, -Chalky! which 
may hive suitable substituent(s). for examp.e. mono(or di or tri )P henyl(C i; a)a.ky. (e.g. benzy , phenethyl. 
benzhydryl and trityl). mono(or di) C, -Cs-alkoxyphenyKC-CsJalkyl (e.g. 2.4-d.methoxybenzyl). b.stC.-Cs- 
^oZ^nvX -Z^ [e-g bis(4-methoxypheny.)methy.l. in which more preferabie one may be phenyl- 

(C ' "suitable "triazolyl(lower)alkyl" may include straight or branched C-Cs-alkyl having triazolyl group as 
men'oned below sucn as tLo'ly.methy.. triazo.y.ethy.. «^^^< , -< M ^ , 7^>^^^^; 
methylethyl. triazolylbutyl. triazolylpentyl. and triazolylhexyl. m wh.ch more preferable example may be 
triazolvKC -C*)alkyl and the most preferable one may be 1.2.4-tnazolylmethyl. 

t itabe "heterocyclic group" means saturated or unsaturated. 5 
group containing 1 to 4. nitrogen atom(s) or containing 1 to. 2 suifur atom(s) and 1 to 3 n.trogen atom(s). 

Preferable heterocyclic group may be „ tnmM fnr a „ m „i B 

unsaturated. 5 or 6-membered. heteromonocyclic group contam.ng 1 to 4 n.trogen atom(s for example. 
pyrro.ylpyrro.inyl. imidazo.yl. imidazo.inyl, pyrazo.yl. pyrazo.inyl. pyhdyl. pyndy.N-c-x.de, pyr.d.n.o. 
Smydropyridyl te rahydropyridyl te.g. 1 ,2.3,6-tetrahydropyridyl]. pyrimidinyl. ' pyr.mKl.n.o pyrazmy . 
T^TpyJLy" pyridazinio. triaziny. [e.g. 1 .3.5-triaziny.. 1 .2.4-triaziny. and 1 .2 3-tr.az.nyl]. 
tet SydratrSiny. [eg. 1 2.5.6-tetrahydro-1 .2.4-triazinyl. and 1 .4.5.6-tetrahydro-1 ,2.4-tr.az.nyl. tr.az.n.0 
trilzoly. [eg ^. 1H-1.2.4-triazoly.. 1H-L2.3-triazo.yl. and 2H-1 ,2.3-triazoly.]. tr.azoho. tetrazmy.. 
tetrazinio tetrazolyl [e.g. 1 H-tetrazolyl and 2H-tetrazo.yl], and tetrazoho; 

™rafi 5 or 6-membered heteromonocyclic group containing 1 to 4 nitrogen atom(s). for example. 

pyrrolidinyl. imidazolidinyl. piperidino. and piperazinyl; ,»„ m/<! v 5nii , tn •» 

unsaturated. 5 or 6-membered. heteromonocyclic group contam.ng 1 to 2 sulfur atom(s) and 1 to 3 
, nitrogen *om(s). for examp.e. thiazolyl. thiazo.io. isothiazoiyl. thiadiazoly. [e.g. 1 2.3-th.ad.azo.y.. 1.2.4- 
thiadiazolvl 1 3 4-thiadiazolyl. 1 .2.5-thiadiazolyl]. thiadiazolio. thiazolinyl. and d.hydroth.az.nyl: 

therein said heterocyclic group may be substituted by suitable substituent( S ) such as C.-Cs- aHcy. e.g. 
methyl, ethyl, propyl, isopropyl. butyl, isobutyl. pentyl.and hexyl); amino or am.no(C,-C«)alk y l [e.g. 
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to 



means saturated or unsaturated 5 or fi mam h 1 ■ w substrtuted by suitable substituentfs*- th, * T, _ 



/5 



20 



H 

N— N 



N N 



N — N 



30 



35 



H 

N— N 



only for the convenient sake. 



so 



55 



~w.. TWIII9lu odKy. 

Suitable "Ci-C«-alkanimidoyl" mav ba «r=i„>,. 

Suitable imino-protective group in "omte^ • • . 
Protective group" as mentioned^ ,mm ° ™* be *• as tnose for the "imino- 

Suitable "imino-orotectivQ nrmm" ~« 
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The heterocyclic acyl may include heterocycliccarbonyl ( .g. furoyl, thenoyl. nicotinoyl, isonicotinoyl. 
thiazolylcarbonyl. thiadiazolylcarbonyl. and tetrazolylcarbonyl). 

The aliphatic acyl substituted with aromatic group's) may includ aralkanoyl such as phenyl (lower)- 
alkanoyl (e.g. phenylacetyl. phenylpropionyl. and phenylhexanoyl). aralkoxycarbonyl such as phepyl(lower)- 
alkoxycarbonyl (e.g. benzyloxycarbonyl. and phenethyloxycarbonyl). aryloxyalkanoyl such as phenoxy (C- 
Cs)alkanoyl (e.g. phenoxyacetyl, and phenoxypropionyl). 

The aliphatic acyl substituted with heterocyclic group(s) may include heterocychc-alkanoyl such as 
heterocyclic-^, -GOalkanoyl (e.g. thienylacetyl. imidazolylacetyl. furylacetyl. tetrazolylacetyl. th,azolylacetyl. 
thiadiazolylacetyl. thienylpropionyl. and thiadiazolylpropionyl. ...... u n ~ 

These acyl groups may be further substituted with one or more suitable substituents such as C-Cs- 
alkyl (e.g. methyl, ethyl, propyl, isopropyl. butyl, pentyl. and hexyl). halogen (e.g. chlorine bromine, iod.ne. 
fluorine) C.-Cs-alkoxy (e.g. methoxy. ethoxy. propoxy. isopropoxy. butoxy. pentyloxy. and hexyloxy). C- 
Cs-alkylthio (e.g. methylthio. ethylthio. propylthio. isopropylthio. butylthio. pentylth.o. and hexylthio), and 
nitro and preferable acyl having such substituent(s) may be mono(or di or tri)haloalkanoyl (e.g. chloroacetyl, 
bromoacetyl. dichloroacetyl. and trifluoroacetyl). mono(or di or tri)haloalkoxycarbony (e.g. chloromethox- 
ycarbonyl. dichloromethoxycarbonyl. and 2,2.2-trichloroethoxycarbonyl). nitro-(or halo or Ct-Cs-alkoxy)- 
aralkoxycarbonyl (e.g. nitrobenzyloxycarbonyl. chlorobenzyloxycarbonyl. and methoxybenzyloxycarbonyl , 
mono (or di or tri)-halo(C,-C 6 )alkylsulfonyl (e.g. fluoromethylsulfonyl, difluoromethylsulfonyl. trifluoromethyl- 
sulfonyl, and trichloromethylsulfonyl). „i,„„ wl 

More preferable example of "imino-protective group" thus defined may be (C^COalkenyloxycarbonyl 
and phenyKC-COalkoxycarbonyl which may have a nitro group, and the most preferable one may be 
allyloxycarbonyl and 4-nitrobenzyloxycarbonyl. . . a 

Suitable "C-C.-alkylene" may include straight or branched one such as methylene, ethylene, 
trimethylene. tetramethylene. pentamethylene. hexamethylene. methylmethylene. ethylethylene. and pro- 
pylene, in which more preferable example may be C-C* alkylene and the most preferable one may be 

tunable "mercapto-protective group" may include acyl as mentioned above. ar(C, -Chalky I such as 
mono-or di- or triphenyKC-UJalkyl (e.g. benzyl, phenethyl. benzhydryl. and trityl). in which more preferable 
example may be C,-C alkanoyl. aroyl and triphenyl(C, -COalkyl. and the most preferable one may be 

The processes for the preparation of the object derivatives (I) of the present invention are explained in 
detail in the following. 



(1) Process 1 



The derivatives (I) or salts thereof can be prepared by reacting the compound (II) or a react.ve 
derivative at the oxo group thereof or salts thereof with the compound (III) or salts thereof. 

Suitable salts of the compound (II) may be salts with bases such as those given for the denvatives (I). 

The reactive derivative at the oxo group of the compound (II) can be represented by the following 
formula (II'). which is preferably used in this reaction and can be prepared by reacting the compound (II) or 
salts thereof with an acylating agent. 




Acylating Agent R \ y 



R 3 



R 1 

(II) (II') 
or salts thereof or salts thereof 



in which 

R\ R 2 and R 3 are each as defined above, and 

H ? is acyl as exemplified for the imino-protective group and further O.O-substituted 
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phosphono derived from, for example, organic phosphoric acid mentioned herein- 
befow. 

Suitable acylating agents may include conventional ones which can introduce the acyl group as 
mentioned above into the compound (II), and preferable acylating agents may be organic sulfonic or 

5 phosphoric acid or its reactive derivative such as acid halide, and acid anhydride, for example, arenesul- 
fonyl halide (e.g. benzenesulfonyl chloride, p-toluenesulfonyl chloride, p-nitrobenzenesulfonyl chloride, and 
p-bromobenzenesulfonyl chloride), arenesulfonic anhydride (e.g. benzenesulfonic anhydride, p-toluenesul- 
fonic anhydride, and p-nitrobenzenesulfonic anhydride). Ci-C6-alkanesulfonyl halide which may have addi- 
tional halogen (e.g. methanesulfonyl chloride, ethanesulfonyl chloride, and trifluoromethanesulfonyl chlo- 

10 ride), Ci -Cs -alkanesulfonic anhydride which may have halogen (e.g..methanesulfonic anhydride, ethanesul- 
fonic anhydride, and trifluoromethanesulfonic anhydride). di(Ci -Ce )alkyl phosphorohaloridate (e.g. diethyl 
phosphorochloridate). diaryl phosphorohaloridate (e.g. diphenyl phosphorochloridate). 

This acylation reaction is usually carried out in a conventional solvent-which does not adversely 
influence the reaction such as acetone, dioxane, acetonitrile, chloroform, dichloromethane. hexamethyl- 

15 phosphoramide, dichloroethane, tetrahydrofuran, ethyl acetate, dimethylsulfoxide, N,N-dimethylformamide, 
and pyridine, or a mixture thereof. 

When the acylating agent is used in a free acid form or its salt form in this reaction, the reaction is 
preferably carried out in the presence of a conventional condensing agent such as carbodiimide compounds 
(e.g. N.N'-diethylcarbodiimide, N.N'-diisopropylcarbodiimide, N.N'-dicyclohexylcarbodiimide. N-cyclohexyl- 

20 N'-morpholinoethylcarbodiimide, N-cyclohexyl-N'^^diethylaminocyclohexyOcarbodiimide, and N-ethyl-N'-(3- 
dimethylaminopropyl)carbodiimide); N.N'-carbonyldiimidazole, N,N'-carbonylbis(2-methylimidazole); 
keteneimine compounds (e.g. pentamethyleneketene-N-cyciohexylimine, diphenylketene-N-cyclohex- 
ylimine); ethoxyacetylene; l-alkoxy-1-chloroethylene; ethyl polyphosphate; isopropyl polyphosphate; phos- 
phorus oxychloride; phosphorus trichloride; thionyl chloride; oxalyl chloride; a combination of triphenyl- 

25 phosphine with carbon tetrachloride or diazenedicarboxylate; 2-ethyl-7-hydroxybenzisoxazolium salt; 2-ethyl- 
5-(m-sulfophenyl)isoxazolium hydroxide intramolecular salt; 1-(p-chlorobenzenesulfonyloxy)-6-chloro-1 H-be- 
nzotriazole; so-called Vilsmeier reagent prepared by the reaction of N.N-dimethylformamide with thionyl 
chloride, phosgene, and phosphorus oxychloride. 

This acylation reaction may also be carried out in the presence of an inorganic or organic base such as an 
30 alkali metal bicarbonate (e.g. sodium bicarbonate, and potassium bicarbonate), alkali metal carbonate (e.g. 
sodium carbonate, and potassium carbonate), alkaline earth metal carbonate (e.g. magnesium carbonate, 
and calcium carbonate), tri(lower)alkylamine (e.g. trimethylamine. triethylamine, and N,N-diisopropyl-N- 
ethylamine), pyridine compounds (e.g. pyridine, picoline, lutidine, and N t N-di(Ci -Ccjalkylaminopyridine such 
as N.N-dimethylaminopyridine], quinoline, N- Ci -Ce-alkylmorphorine (e.g. N-methylmorphorine). N,N-di(Ct- 
35 Cs)alkylbenzylamine (e.g. N.N-dimethylbenzylamine). 

The reaction temperature of this acylation reaction is not critical and the reaction is usually carried out 
under from cooling to warming. 

With regard to the compound (II), it is to be noted that the 3,7-dioxo-1-azabicyclo[3.2.0]heptane ring 
system of the following formula (IIA) is well known to lie in tautomeric relation with the 3-hydroxy-7-oxo-1- 
40 azabicyclo[3.2.0]hept-2-ene ring system of the following formula (IIB). and accordingly, it is to be under- 
stood that both of these ring systems are substantially the same. 



45 




so (HA) (IIB) 

The compound (IT) or salts thereof can be used with or without isolation for the subsequent reaction 
with the compound (III) or salts thereof. 
55 Suitabl salts of the compound (III) may be the same as thos for the derivatives (I) and silver salt. 

The reaction of the compound (II) or its reactive derivative or salts thereof with the compound (III) or 
salts thereof can be carried out in the presence of an organic or inorganic base such as thos given in the 
explanation of the acylation reaction as stated above. 
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This reaction can be carried out in a conventional solvent which does not adversely influence the 
reaction such as those given in the explanation of the acylation reaction. 

The reaction temperature is not critical and the reaction is . usually carried out under from cooling to 
warming. 

5 

(2) Process 2 : 

The derivative (l-b) or salts thereof can be prepared by subjecting the derivative (l-a) or salts thereof to 
elimination reaction of the carboxy-protective group on . 
io Suitable salts of the derivative (l-b) may be the same as those for the derivatives (I), and those of the 
derivative (l-a) may be salts with bases such as those given for the derivatives (I). 

The present reaction is usually carried out by a conventional method such as hydrolysis, and reduction. 

(i) Hydrolysis : 

rs 

Hydrolysis is preferably carried out in the presence of a base or an acid. Suitable base may include an 
alkali metal hydroxide (e.g. sodium hydroxide, and potassium hydroxide), ), an alkaline earth metal 
hydroxide (e.g. magnesium hydroxide, and calcium hydroxide), alkali metal hydride (e.g. sodium hydride, 
and potassium hydride), alkaline earth metal hydride (e.g. calcium hydride,), alkali metal alkoxide (e.g. 
20 sodium methoxide, sodium ethoxide, and potassium t-butoxide), an alkali metal carbonate (e.g. sodium 
carbonate, and potassium carbonate), an alkaline earth metal carbonate (e.g. magnesium carbonate, and 
calcium carbonate,), an alkali metal bicarbonate (e.g. sodium bicarbonate, and potassium bicarbonate). 

Suitable acid may include an organic acid (e.g. formic acid, acetic acid, propionic acid, trifluoroacetic 
acid, benzenesulfonic acid, and p-toluenesulfonic acid) and an inorganic acid (e.g. hydrochloric acid, 
25 hydrobromic acid, sulfuric acid, and phosphoric acid). The acidic hydrolysis using trifluoroacetic acid is 
usually accelerated by addition of cation trapping agent (e.g. phenol, and anisole). In case that the hydroxy- 
protective group is tri(Ci -Cg )alkylsily I, the hydrolysis can be carried out in the presence of tri(lower)- 
alkylammonium fluoride (e.g. tributylammonium fluoride). 

This reaction is usually carried out in a conventional solvent which does not adversely influence the 
30 reaction such as water, dichloromethane, alcohol (e.g. methanol, and ethanol), tetrahydrofuran, dioxane, 
acetone, or a mixture thereof. A liquid base or acid can be also used as the solvent. 

The reaction temperature is not critical and the reaction is usually carried out under from cooling to 
heating. 

35 (ii) Reduction : 

The reduction method applicable for this elimination reaction may include, for example, reduction by 
using a combination of a metal (e.g. zinc, and zinc amalgam) or a salt of chrome compound (e.g. chromous 
chloride, and chromous acetate) and an organic or inorganic acid (e,g. acetic acid, propionic acid, 

40 hydrochloric acid, and sulfuric acid); and conventional catalytic reduction in the presence of a conventional 
metallic catalyst such as palladium catalysts (e.g. spongy palladium, palladium black, palladium oxide, 
palladium on carbon, palladium hydroxide on carbon, colloidal palladium, palladium on barium sulfate, and 
palladium on barium carbonate), nickel catalysts (e.g. reduced nickel, nickel oxide, and Raney nickel), 
platinum catalysts (e.g. platinum plate, spongy platinum, platinum black, colloidal platinum, platinum oxide, 

45 and platinum wire). 

In case that the catalytic reduction is applied, the reaction is preferably carried out around neutral 
condition. 

This reaction is usually carried out in a conventional solvent which does not adversely influence the 
reaction such as water, alcohol (e.g. methanol, ethanol. and propanol), dioxane, tetrahydrofuran. acetic acid, 
so buffer solution (e.g. phosphate buffer, and acetate buffer) or a mixture thereof. 

The reaction temperature is not critical and the reaction is usually carried out under from cooling to 
warming. 

In case that the carboxy-protective group is allyl group, it can be deprotected by hydrogenolysis using 
a palladium compound. 

55 Suitable palladium compound used in this reaction may be palladium on carbon, palladium hydroxide 
on carbon, palladium chloride, a palladium-ligand complex such as tetrakis(triphenylphosphine)palladium(0), 
bis(dibenzylideneacetone)pailadium(0), di[1 ,2-bis(diphenyl phosphino)ethane]palladium(0). tetrakis(triphenyl 
phosphite)palladium(O). and tetrakis(triethyl phosphite)palladium(O). 
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dimedone. benzoylacetafe. and ^meCalovte ic "'''S/"/ 0 ^ - eth vlene compound (e.gT 
tetrahydropyranyloxybenzy. cyanide). C.^SS^Sl ^T'.Jh.'^^' 1 COm P° und (e.g. „- 
ammonium formate, and sodium acetate,. ^tS!ScSnt,2 ( "* *"* ^ acetic aci * 

and ° Ut i0 * 3 — «*' as C -C, -alkylamine (e . g . buty(amjn , 

the ~* ^ Preferab ' y * — - «" 

Phosphite). 9 9and (e " 9 - tr, P nen y | Phosph,ne, triphenyl phosphite, and triethyl 

dich.oromethane. dichloroethane, 1 e^acefaTor a ^JS**^ aCet0niW,e - Ch, ° r ° f0rm - 
warmTn e g . reaCti ° n temP8ratUre " «" *~ action is usua.ly carried out under from cooling to 

e.im^d e,iminati ° n r6aCti0n 66 S6,eCted aCC °' di "9 kind of carboxy-protective group to be 

The present process includes within the scope thereof a case that th Q ^ ^ 

«- x ~m£s:zz£:£ sr^r lno " a " c " o, 

(3) Process 3 : 

and STdSS^E^S ^^flT"/^ "JT *" " *° '"• 

This reaction is usually carried out hi ! I™ ♦ , 3nd ac,ds for the derivatives (t). 

The method ^l^^^^S^T^^ 33 hydr °' ySiS - and reduc 

soivent.) are substantial. Mhe Ts t hos e ZSL^v "T^ ^ fBacBon "Wure. and 
group of the derivative (l-a) in Process 2 and *eS ft a ? ^""T^ 0 " reaction ° f »» carboxy-protective 

The present process includes Sin the t V° * referred t0 Said e *P ,a ™tion. 

amino- and/or ^0^^ E S R^and ^ "f^" hyd ™ y - 

reaction. y Wl n , h , R and X are removed at the same time during the 



35 (4) Process 4: 



(5) Process 5 : 

so kn^SS^IS Senf * P " PMd by ^ - *"*-v. • salts thereof with 

SuitaSe T^'l! de t ati r e (HJ) may bS ,hS Same Sa,,s with ^es for the derivatives (!) 

alkyl(lower)alkanimidate (e.g. methyl fornn.midate VZfT ( i * ^ P re,erab,e a 9*nt may be C,-Ct- 
55 ethyl propionate, ethy, ^^l^Sf!2^^ , ^• m9thy ' acetimidate - ^ acetimidate. 
(C-Uja.kanimidoy. halide (e^ toSSmltov. ^SST , " " P enta " imida te. and ethy. hexanimidate). 
etimidoy. bromid propionimWoy. chToride ^^Itlri^^ T^' br ° mid9 - acetim ^oy. chloride, ac- 
ch.oride. and hexani^idoy, ch^!£^^ isova.erimidoy, C h, 0ri de. pentanimidoy, 
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This reaction is usually carried out in a conventional solvent which does not adversely influence the 
reaction such as tetrahydrofuran, dioxane. water, methanol, ethanol, buffer solution (e.g. phosphate buffer), 
or a mixture thereof. 

The reaction temperature is not critical, and the reaction is usually carried out under from cooling to 
5 warming. 

Methods A and B for preparing the new starting compound (III) or salts thereof are explained in detail in 
the following. 

(A) Method A 

70 

The compound (IM-a) or salts thereof can be prepared by reacting the compound (IV) or a reactive 
derivative at the hydroxy group thereof or salts thereof with the compound (V) or salts thereof. 

Suitable Salts of the compounds (lll-a), (IV) and (V) may be the same as those for the compound (HI). 

Suitable reactive derivative at the hydroxy group of the compound (IV) may include a conventional one 
T5 such as halide (e.g. chloride, bromide, and iodide,), sulfonate (e.g. methanesulfonate, benzenesulfonate. and 
toluenesuifonate), in which more preferable example may be sulfonate. 

The starting compound (IV) or a reactive derivative at the hydroxy group thereof of this method is new 
and can be prepared by the methods described in the Preparations mentioned below, or by a conventional 
process. 

20 Preferable example of the compound (V) may be ar(Ct -C6 )alkanethiol such as mono- or di- or triphenyl- 
(Ci -Cs )alkanethiol (e.g. phenylmethanethiol, diphenyimethanethiof, and triphenylmethanethiol), thio(Ci -Cs)- 
alkanoic S-acid (e.g. thioacetic S-acid), thioarenoic S-acid (e.g. thiobenzoic S-acid), in which more prefer- 
able example may be triphenyl(Ct-C*)alkanethiol, thio(Ct -C*)alkanoic S-acid and thio(C6-Cio)arenoic S-acid, 
and the most preferable one may be thiobenzoic S-acid. 

25 In case that the compound (V) may be ar(Ci -Ce)alkanethiol, the starting compound (IV) of the present 
reaction is preferably used in a form of its reactive derivative at the hydroxy group, and in such a case, this 
reaction is usually carried out in the presence of an organic or inorganic base such as those exemplified in 
the explanation of Process 1 . 

In case that suitable example of compound (V) may be thio(Ci-Ce)alkanoic S-acid or thioarenoic S-acid, 

30 this reaction is preferably carried out in the presence of a conventional condensing agent such as 
combination of triarylphosphine (e.g. triphenylphosphine) and di(lower)alkyl azodicarboxylate (e.g. diethyl 
azodicarboxylate). 

This reaction is usually carried out in a conventional solvent which does not adversely influence the 
reaction such as dichloromethane, methanol, ethanol, propanol, pyridine, N,N-dimethylformamide, and 
35 tetrahydrofuran or a mixture thereof. 

The reaction temperature is not critical and the reaction is usually carried out under from cooling to 
warming. 

In this method, the configuration on the carbon atom substituted with the hydroxy group of the 
compound (IV) is inverted in the compound (lll-a). 

40 

(B) Method B 

The compound (III) or salts thereof can be prepared by subjecting the compound (lll-a) or salts thereof 
to elimination reaction of the mercapto-protective group. 
45 This elimination reaction can be carried out by a conventional method as described below, which can 
be selected according to the kind of mercapto-protective group to be eliminated. 

In case that the protective group? may be ar(lower)alkyl group, it can generally be eliminated by 
treating, for example, with a silver compound (e.g. silver nitrate, and silver carbonate). 

The reaction with the silver compound as stated above is preferably carried out in the presence of an 
so organic base (e.g. pyridine). 

The resultant silver salt of compound (III) can be transformed into its alkali metal salt, if necessary, by 
reacting with alkali metal halide (e.g. sodium iodide, and potassium iodide) 

Further, in case that the protective groups may be acyl group, it can generally be eliminated by 
solvolysis such as hydrolysis using an acid or base, alcoholysis using a base. 
55 Suitable acid or base used in these reactions may be the same such as those given-in the explanation 
of hydrolysis of the Process 2. 

The hydrolysis is usually carried out in a conventional solvent which does not adversely influence the 
reaction such as water, alcohol (e.g. methanol, and ethanol), pyridine, and N.N-dimethylformamide, or a 
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mixture thereof, and further in case that the base or acid to be used is in liquid, it can also be used as a 
solvent. 

The alcoholysis is usually carried put in a conventional alcohol such as methanol, and ethanol. 
The reaction temperature is not critical and the reaction is usually carried out under from cooling to 
5 warming. 

The object derivatives (I), and the compounds (III) and (lll-a) obtained according to the Processes 1 to 
5, and Methods A and B as explained above can be isolated and purified in a conventional manner, for 
example, extraction, precipitation, fractional crystallization, recrystallization, and chromatography. 

The object derivatives (I) and the pharmaceutical^ acceptable salts thereof of the present invention are 
w novel and exhibit high antimicrobial activity, inhibiting the growth of a wide variety of pathogenic microor- 
ganisms, and further , are very stable against dehydropeptidase and show high urinary excretion, therefore 
have high potential for the treatment of various infectious diseases. 

In the present invention, the object derivatives (I) possessing more potent antimicrobial activity can be 
represented by the following formula : 

15 
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(I') 



COOH 



25 

in which R£ , R 3 and A are each as defined above, 

Ra is Ci-Cs-alkyl having suitable substituent(s), heterocyclic group optionally substituted by 

suitable substituent(s), or lower alkylsulfonyf, and 
X a is sulfur, oxygen or imino, 

30 provided that 

when X is oxygen, 

then R 4 is not "protected or unprotected ureido(lower)aikyr, 
and pharmaceutically acceptable salts thereof. 

Particularly, the compounds (I) possessing the most potent antimicrobial activity can be represented by 
35 the following formula : 



40 




45 



in which R£ , A and X a are each as defined above, and pharmaceutically acceptable salts thereof, 
so Now, in order to show the utility of the object derivatives (I), the test data on antimicrobial activity of the 
representative compound of the object derivatives (I) of this invention is shown in the following. 

in vitro Antimicrobial Activity 

55 Test Method : 

in vitro Antimicrobial Activity was determined by the two-fold agar-plat dilution method as described 
below. 
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One loopful of an overnight culture of a test strain in Trypticase-soy broth (10 6 viable cells per ml) was 
streaked on heart infusion agar (Hl-agar) containing graded concentrations of the test compound, and the 
minimal inhibitory concentration (MIC) was expressed in terms of ug/ml after-incubation at 37 *C for 20 
hours. 



10 



Test Compound (1) : 

(4R t 5S.6S)-3-[(2S,4S)-2-(DifluoromethyO 
oxo-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid. 



Test Result (1) 


Test Strain 


MIC (ug/ml) 


Staphylococcus aureus 3004 


0.39 
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Test Compound (2) : 

(4R,5S,6S)-6-[(1 RH -Hydroxyethy l]-3-((2S,4S^ 
7-0x0-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid. 



25 



Test Result (2) 


Test Strain 


MIC (ug/ml) 


Pseudomonas aeruginosa 26 


0.39 



I 
I 



For therapeutic administration, the object compounds (I) and the pharmaceutical^ acceptable salts 

30 thereof of the present invention are used in the form of conventional pharmaceutical preparation which 
contains said compound , as an active ingredient, in admixture with pharmaceutically acceptable carriers 
such as an organic or inorganic solid or liquid excipient which is suitable for oral, parenteral and external 
administration. The pharmaceutical preparations may be in solid form such as tablet, granule, powder, 
capsule, or liquid form such as solution, suspension, syrup, emulsion, and lemonade. 

35 If needed, there may be included in the above preparations auxiliary substances, stabilizing agents, 
wetting agents and other commonly used additives such as lactose, stearic acid, magnesium stearate, terra 
alba, sucrose, corn starch, talc, gelatin, agar, pectin, peanut oil, olive oil, cacao butter, ethylene glycol, 
tartaric acid, citric acid, and fumaric acid. 

While the dosage of the compounds (I) may vary from and also depend upon the age, conditions of the 

40 patient, a kind of diseases, a kind of the compounds (I) to be applied. In general, amount between 1 mg and 
about 4,000 mg or even more per day may be administered to a patient. An average single dose of about 1 
mg, 10 mg, 50 mg, 100 mg, 250 mg, 500 mg, 1000 mg, 2000 mg, of the object compounds (I) of the 
present invention may be used in treating diseases infected by pathogenic microorganisms. 

The following Preparations and Examples are given for the purpose of illustrating this invention in more 

45 detail. 



Preparation 1 

To a solution of (2S,4R)-4-t-butyldimethylsilyloxy-2-methanesulfonyloxymethyl-1-(4-nitrobenzyloxycar- 
so bonyl)pyrrolidine (5.21 g) in N, N-dimethy If orm amide (52 ml) was added potassium thioacetate (1.83 g) and 
the mixture was stirred at 50-60 *C for 1 hour. The reaction mixture was poured into ice-water (150 ml) and 
extracted 3 times with ethyl acetate (50 ml). The extracts were combined, washed with saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure to 
give a residu . Th residue was subjected to a column chromatography on silica gel (150 g) and eluted with 
55 a mixture of n-hexane and ethyl acetate (3:1, V/V). The fractions containing th desired compound were 
collected and evaporated in vacuo to give (2S,4R)-2-acetylthiomethyl-4-t-butyldimethylsilyloxy-l-(4-nitroben- 
zyloxycarbonyl)pyrrolidine (4.70 g). 

IR (Neat) : 1710-1700. 1610. 1530. 1405, 1350,1260, cm" 1 



i 
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45 



KD °- " ■ 006 «* * «»• * «• ««• * « (2H. s , 7M < 2 H. d . J = 8HJ , 822 (2H , 

Preparation 2-1 ) 

PV^Le^^^ 

stirring at 2-5% for ,0 minutes ( °- 98 ^ 

4 hours and under refluxing for 2 hours. After SaSno T« ^ ! reaCt '° n miXture at 40 ' C for 

solution was concentrated under reduced Assure T^ L J ^ 3CetiC acid < 06 ml >. the 

saturated aqueous sodium hydrogen 7JS*e7o m D ^TS' 8 IT ^ ^ aCetate (6 ° ml > and 
with saturated aqueous sodium hyd^S^^^^S?!? ^ ^ WaShed h tum 
anhydrous magnesium sulfate. and evaporatedT^ dried ove ' 

<»st.e?;s : £ s £±2£° m * ' -80-2.15 (2H . m , „, (2H . s) . , 25 „„. ,. Jmmuk „, 

Preparation 2-2) 
pyrroli^ 

an atmosphere of nitrogen at o-C After stirrino at L «mT methox,de - methan °' solution (0.98 ml) under 
mixture was added 2-iodoacetamide 0 02 g 7^m^^SSZ^-l° * **' reaCti ° n 

temperature for 3 hours. The reaction mixture wa "l on £L*T * J?'*™ W3S S,irred at ambient 
residue was dissolved in ethyl acetate (ToO ml rL°,f r6duCed pressure - The ™Mng 

hydrogen carbonate and ^Z^^ ^^^^^ sodium" 
and evaporated in vacuo to oive (2S 4R\ -i t h„h,w T , , ydrous ma 9 n ^um sulfate, 

nitroben 2y ,ox y carbon y l) Pyr ro.idin^ ? ( 2 1 1 g) H ■ t - bUty,d,methy,S,, y |ox y- 2 -( ca ^amoy.methy l )thiomethyM-(4- 
IR (Neat) : 1705 (sh), 1690-1675, 1610, 1525, 1350. 1260 cm- 

Preparation 3-1) 
bo^p,^ 

temperature and the mfire w^^^ZSZ^' T^'* 3Cid < 047 ml > « ambient 

concentrated under reduced pressure The ^.Hn tem P e ' a ^ 1 hour. The reaction mixture was 

solution was washed in Tn w'h saturated 'Z T! diSS °' Ved in ^ acetate ( 50 The 

sodium chloride, dried ovt7anLro^ m^nnl ,f carbonate a "d saturated aqueous 

give (28.4^.^ concentrated under reduced pressure to 

IR (Neat) : 3450-3400. 171*169^16^^ < 103 9>" 

^V^&&\*Z£» < 2H ' "* — «*■ m, 5.23 ( 2H. s). 6.30 (1 H. t. 

El Mass : 278 (M+-84) , 265 (M+-97) 



so Preparation 3-2) 



55 



b 0n ;r Py ^ 

temperature. After stirring at th7sW t ^ hydrochloric acid (0.72 ml) at ambient 

reduced pressure to give a residuT The res Zue \- ' I? reaCt, ° n miXtUrS was c °"«™rated under 
washed with saturated «i2^^T2^ J 22^ " ?" * ,ate " (6 ° ^ ^ SO,ution was 
successively, dried over LyZurnZ^TZat^l "* .T"* 1 a<,U ° US >od,um ch,oride 
residue was washed with a mixture 7^ 3^ 30^ ZZT" IT" 0 l ° 9,Ve 3 r6Sidue " The 

etnyi acetate (30 ml) and dnsopropyl ether (15 ml). The resulting 
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precipitates w re collected by filtration and air-dried to give (2S,4R)-2.(carbamoylmethyl)thiomethy|.4. 
hydroxy-l-(4-nitrobenzyloxycarbonyl)pyrrolidine (1.08 g). 
mp:118-1l9*C 

IR fNeatt • 1710 1610, 1525, 1405. 1350. 1350, 1210 cm 1 ^ ^ „ M 

5 L^MsSi. B) V80.2.15 (2H. m). 2.65-3.05 (2H. m). 3.09 (2H s) 3.30-3.55 (2H, m). 3.85-4.50 

(2H, m), 4 96 (1 H. d. J = 4Hz) , 5.24 (2H. s). 7.66 (2H, d, J = 8Hz). 8.26 <2H. d. J = 8Hz) 
Mass : 369 (M + ) , 278 (NT-91) 



20 



25 



Preparation 4 

To a solution of (2S.4R)-2-<difluoromethyl)thiomethyl-4-hyd^ 
(1 01 la) and triphenyiphosphne (1.1 g) in tetrahydrofuran (20 ml) was added dropwise a solut,on of diethyl 
^It^TZt^n tetrahydrofuran (3 ml) at -10' C to -5-C with stirring. T*e mixture .was stirred 
a^ the same temperature for 30 minutes. To the solution was added thiobenzo.c S-ac.d (0.49 ml) at the 
im^temperatTid the mixture was stirred under ice-cooling for 2 hours. The react.on mixture was 
concenS under reduced pressure. The resulting residue was dissolved in ethyl acetate (60 ml). The 
so"u7on was washed with saturated aqueous sodium hydrogen carbonate and saturated aqueous sodium 
SiS^cSSvS^toS o^r anhydrous magnesium sulfate, and evaporated in vacuo. The resulting 
S^^TS^m^rlSBd on silica gel (100 g) e.uting with a mixture of n-hexane and ethyl acetate 
3 1^"e fractions' containing the desired compound were collected and evaporated -r . vacuo to g.ve 
(2S 4S)-4-benzoylthio-2-(difluoromethyl)thiomethyl-1-(4-nitrobenzyloxycarbonyl)pyrrolid,ne (1 .01 g). 

IR fNeat) ■ 1710 1665. 1610. 1525. 1405. 1350. 1210 cm ' 

NMR (CDCI3 1 45-1.75 <2H. m). 3.20-3.75 (3H. m). 3.85-4.45 (5H. m). 5.25 (2H. s). 6.68 (1H. t. 

J = 56Hz). 7.40-7.65 (4H. m). 7.80-8.05 (2H. m). 8.23 (2H. d, J = 8Hz) 

Preparation 5 

To a solution of (2S.4R)-2-(carbamoylmethyl)thiomethyl-4-hydroxy-1-(4-nitroben 2 yloxycarbonyl)- 
pyrr^ine (1 06 g and triethyiamine (0.92 ml) in a mixture of tetrahydrofuran (40 ml) and ^-dimethyltor- 

30 mamide (5 ml) was added dropwise methanesulfonyl chloride (0.44 ml) under >ce-cool.ng. The mixture was 
S a 2'C Tor 1 hour and then allowed to stand at ambient temperature for 1 hour. To the react.on 
mixlre was added ethyl acetate (50 ml). The solution was washed with saturated aqueous sodium 
hy££» Tcarbonate and saturated aqueous sodium ch.oride successively, dried over «hyd^fnv»m 
suS and evaporated in vacuo to give (2S.4R)-2-(carbamoy.meth y .)thiomethy.-4-methanesulfony.ox y -1-(4- 

35 nitrobenzyloxycarbonyi)pyrrolidine (1.70 g). 

SS&iiT SUEZ'S cm * r» <a«. * •» m * ~<* 

Preparation 6 

To a suspension of sodium hydride (62.8% in oil) (0.22 g) in N.N-dimethy.formamide .(5ffjj« added 
* o Q <?-arid fO 66 ml) under ice-cooling. After stirring under the same condition for 30 

minTs mis was added * a solutio'n of (2S.4R)-2. ( carbamoy.methy.)thiomethy,4- 

m^esu.rony.oxy 1 -^nitrobenzyloxycarbonyDpyrrolidine (1.68 g) in N.N-dimethylformamide (20 ml) at 
ZbZ ^Smpe'ature. The mixture^ stirred at 70-80 -C for 1 hour. The reaction mixture was poured , o 
Siwater (50 ml) and extracted twice with ethyl acetate (50 ml). The orgarac layer was washed w, th 
salted IqueTusTodium ch.oride. dried over anhydrous magnesium sulfate and evaporated ,r . vacuo to 
Si a residue. The residue was chromatography on silica gel (100 g) elubng w.th a torture of 
d icLromethane and acetone (5:1. V/V). The fractions containing the desired compound were collected and 

bonyl)pyrrolidine (0.87 g). 

in /NAatt - 1710 (sh) 1690-1660. 1610. 1525. 1350. 1210 cm 
- NMR (CDclJ. 5) ! 2 4ol3 1 5 (4H. m). 3.21 (2H. s). 3.75-4.50 (3H. m). 5.23 (2H. s). 7.20-7.75 (5H. m). 7.93 
(2H. d. J = 8Hz). 8.23 (2H. d. J = 8Hz) 
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Preparation 7-1) 



is 



45 



methox,de-methanol solution (0.52 ml) under an atmosphere of nitrogen a 2-5 -c ™« Um 
at the same temperature tor 30 minutes. To the reactio'n mixture was added gi^JlleZ Z 

50 'T^ l T CmM Und6r r6dUCed Pr9SSUre - The reSU,,in 9 ' esidue w^ssolved fn ethy,Tcetate 
(50 ml) The solution was washed twice with saturated aqueous sodium chloride dried over Ih^I 

srzzr T ate a : d eva r ated in vacuo - The -s crwSS^s; o slic^e,™ 

g) eluting with a mixture of n-hexane and ethyl acetate va^ th* ! 9 ( 0 

compound/were collected and concentrated unl^c^^ 

th,omethyl-4-merca P to-l-(4-nitrobenzyloxycarbonyl) Pyrro lidine (0 58 q^ (difluoromethy.)- 
IR (Neat) : 1710-1700. 1610. 1525. 1410. 1350 1205 cm- 

* "mi £ ° c j = «h4wph4 s^srs ^r, 3 e „T' 50 ,4H - -* 3 - 85 - 4 - 40 ,2H ' m) - 525 

E! Mass : 281 (M+-97) 
Preparation 7-2) 

pressure to give a residue. The residue was dissolved in ethvl acetate fsn m n ^ST. TV educed 

vacuo to oiv^ »S«\?£» k 1 C °rr 9 ,he deSired com P° und collected and evaporated in 
(047g) 9 (2S - 4S >- 2 -( carbam °y ,m «t"y')th I methyl-4-merca P to-1-(4-nitrolben Z y.oxy carbony.)pyrrolidine 

30 IR (Neat) : 1710. 1630, 1520. 1350. 1205 cm" 1 

Preparation 8 

35 

adde? ° f (3S >: 3 - m - rc ^ (1.36 g) in methanol (5 ml) was 

(2?m;r^ 

TheTetS m T re ^ St,rr8d 3t amb,ent tem P eratur « * 3 hours and then at 50- - 60'C or 5 nours 
Sa^/^l^ f Va ° UO t0 9 ' Ve (2S ' 4R >^- bu ^^ 

[{(3Sh - 4-n,troben 2 yloxycarbonyl) P yrrolidin-3-ylthio}methyl] pyrrolidine (1 95 g) Den2 y ,ox y carbon y'> 2 ' 
IR (Neat) : 1715-1700, 1610, 1525, 1350, 1255 cm- 



40 



Preparation 9 



50 



55 



ZVloJvcJhnn'n! 0 " ^f^-^ 0 *'*™^ 

2yloxycarbonyl)pyrrolidin-3-ylthio}methylJpyrrolidine (1.94 g) in a mixture of math^i /on „ \ 
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5 



give ( 2S.4R>^hydrox^ 
ylthio}-methyl]pyrrolidine (1.10 g). 

(1H, m). 5.22 (4H, s). 7.56 (4H. d. J = 8Hz). 8.23 (4H. d. J=8Hz) 



70 



20 



25 



Pr eparation 10 

To a suspension of sodium borohydride (0.20 g) in tetrahydrofuran (10 ml) was added dropwise boron 
trifluoride eSate (2.25 ml) under ice-cooling. The mixture was stirred at the same temperature for 10 
m nutes To the solution obtained above was added (2S.4R)-2^carbamoylmethylth.o)methy|.^ydroxy.l-(4. 
Z^S^SyOPynondin. (0.92 g) under ice-cooling. The mixture was stirred at ambient tamper.- 
^e for 3 ZJs To the reaction mixture was added methanol (5 m.) and the m.xtu re was evapo rated n 
viuo The resulting residue was dissolved in a mixture of methanol (10 ml) and cone, hydrochlonc acd (1 
mT Th? soMon was allowed to stand overnight at ambient temperature. The reaction mixture was 
1" vacu o to give ( 2S.4R)-2-(2-aminoethylthio)methyl-4-hydroxy-1-(4-n l trobenzyloxycarbonyl - 
ZS ^hydrocTndl The compound obtained above was disso.ved in a mixture of ethyl acetate (40 mQ 
"^rlted aqueous sodium hydrogen carbonate (80 ml). The separated aqueous layer was washed with 
eStl acetate (2 m» To the aqueous layer was added ethyl acetate (40 m.) and the mixture was cooled in 
^rmTxture obtained above was added dropwise a solution of 4-nitrobenzy.oxycarbonyl chtonde 
0 54 a) in tetrahydrofuran (10 ml) with stirring under ice-cooling, while the pH was kept between 8 and 9 
with 1 N Iquetus so d ° um hydroxide. The solution was stirred under the same condition for additional 1 hour. 
tSs omanic .ayer of the reaction mixture was separated, washed with saturated aqueous sod chloride 
dhed over magnesium sulfate and evaporated in vacuo. The resulting residue was chromatographed on 
silica ge?(50 g) eluting with a mixture of chloroform and methanol (9:1 v/v). The ^7 c°nta. n.ng the 
des'ed impound were coHected and concentrated under reduced pressure * give ^^^^ 
nUrobenzyloxycarbonyl)-2-[ { 2-(4-nitro < 101 & 

IR <Ne>att • 1710-1700, 1690, 1610. 1530-1515, 1350 cm 1 

NMR (CDcl 5 ) : 2 50-2.95 (3H. m). 3.20-3.70 <4H. m). 5.15-5.28 (4H. m). 7.53 (4H. br d. J=8Hz). 8.23 
30 (4H, d. J = 8Hz) 

Preparation 11-1) 

(2S 4S)-4-Benzoylthio-l -(4-nitorbenzyloxycarbonyl)-2-[{(3S)-1 -(4-nitrobenzyloxycarbonyl)pyrrolidin-3- 
v.thio> memyllpyrrolfdine (0.75 g) was obtained by reacting (2S.4R)-4-hydroxy-l-(4-nitrobenzy.oxycarbony.)- 

(108 9) with th,obenzo,c s " ac,d 

(0.34 ml) in substantially the same manner as that of Preparation 4 

NMR (COCIa. S) : 1.75-2.40 (2H. m). 3.20-4.55 (9H. m). 5.27 (4H. s). 7.40-7.70 (7H. m). 7.85-8.10 (2H. 

m). 8.25 (4H, d, J = 8Hz) 
Preparation 11-2) 

(2S4S)-4-Benzoylthio-1-(4-nitrobenzyloxycarbonyl)-2-[{2-(4-nitrobenzyloxycarbonyl))- 
ethvthio^me^pyrrolidine (0.89 g) was obtained by reacting <2S.4R)-4-hydroxy-l-(4-n,trobenzyloxycar- 

SJSXS^^ (i ° g) with ,hiobenzo,c s * ac,d 

(0 33 ml) in substantially the same manner as that of Preparation 4. 
IP /Neart • 1725-1705 1680-1660. 1610. 1530-1510.cm 1 

NMR (CDCI J. 5) : 2.40-3. 1 0 (5H. m). 3.15-3.60 (2H. m). 5.15-5.35 (4H. m). 7.35-7.70 (7H. m). 7.75-8.05 
(2H. m), 8.22 (4H. br d, J = 8Hz) 

Preparation 12-1) 

(2S4SM-Mercapto-1-(4-nitrobenzyloxycarbonyl)-2^ 
vlthioVmethyllpyrro.fd.ne (0.42 g) was obtained by reacting (2S.4S)-4-benzoylthio-1-(4-n.trobenzy!oxyca^ 

bony£ ^ t{ (3S) H ^ 9> T 7 T 

meToxTd f -methanol solution (0.27 m.) in substantially the same manner as that of Preparaton 7-1). 

IR (Neat) : 1720-1690, 1605. 1530-1515 cm 1 

NMR (COCb , 5) : 3.90-4.20 (2H. m). 5.25 (4H. s). 7.55 <4H, d. J = 8Hz). 8.26 <4H, d. J = 8Hz) 

25 



35 



40 



45 



50 



EP 0 280 771 B1 



Preparation 12-2) 

(2S,4S)-4-Mercapto-1-(4-nitrobenzy^^ 
ethylthio}methyl]pyrrolidine (0.48 g) was obtained by reacting (2S,4S)-4-benzoylthio-1-(4-nitrobenzyloxycar- 
5 bonyl)-2-[{2-(4-nitrob.nzyloxycarbonylamino)ethylthio}methyl]pyrrolidine (0.88 g) with 28% sodium 
methoxide-methanol solution (0.34 ml) in substantially the same manner as that of Preparation 7-1). 

IR (Neat) : 1710-1700, 1610, 1530-1520, 1350 cm"' 

NMR (CDCIa, 5) : 1.60-2.00 (2H, m), 2.30-3.65 <8H, m), 3.80-4.35 (2H t m), 5.20 (4H, s). 7.50 (4H, d, 
J = 8Hz). 8.21 (4H, d, J = 8Hz) 
;o SI Mass : 551 (M + ), 369 (M + -182) 

Preparation 13 

To a solution of sodium borohydride (0.78 g) in tetrahydrofuran (25 ml) was added dropwise boron 
is trifluoride dimethyl etherate (8.78 ml) with stirring under ice-cooling and the solution was stirred at the same 
temperature for 10 minutes. To this solution was added (2S,4R)-2-(carbamoylmethyl)thiomethyl-4-hydroxy- 
l-(4-nitrobenzyloxycarbonyl)pyrrolidine (2.53 g) and the mixture was stirred at ambient temperature for 4 
hours. To the reaction mixture was added methanol (5 ml) and the mixture was filtered. The filtrate was 
evaporated in vacuo to give a residue. The residue was dissolved in methanol (30 ml). To the solution was 
20 added 10% hydrogen chloride-methanol solution (10 ml) and the mixture was allowed to stand overnight at 
ambient temperature. The reaction mixture was evaporated in vacuo to give a residue. The residue was 
dissolved in a mixture of tetrahydrofuran (30 ml) and water (15 ml). To the solution was added a solution of 
potassium cyanate (3.83 g) in water (10 ml) and the mixture was stirred at 50* - 60 'C for 30 minutes. The 
reaction mixture was evaporated in vacuo. The resulting residue was chromatographed on silica gel (100 g) 
25 eluting with a mixture of chloroform and methanol (9:1, v/v). The fractions containing the desired compound 
were collected and evaporated in vacuo to give (2S,4R)-2-(2-ureidoethyl)thiomethyl-4-hydroxy-1-(4-nitroben- 
zyioxycarbonyl)pyrrolidine (1.73 g). 

IR (Neat): 1690-1660, 1610, 1530, 1350 cm" 1 

NMR (CDCIa, 5): 1.80-2.38 (2H, m), 2.46-3.78 (8H, m), 4.00-4.60 <3H, m), 5.00 (2H, s), 5.23 (2H, s), 5.94 
30 (1 H, t, J = 6Hz), 7.56 (2H, d, J = 8Hz), 8.23 (2H, d, J = 8Hz) 

Preparation 14 

To a solution of (2S,4R)-2-aminomethyl-4-t-butyldimethylsilyloxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidine 
35 (5 g) and triethylamine (1.87 ml) in N,N-dimethylformamide (50 ml) was dropwise added ethyl bromoacetate 
(1.49 ml) at ambient temperature with stirring. The mixture was stirred at 40 *C for 30 minutes and then 
allowed to stand at ambient temperature for 6 hours. The reaction mixture was poured into saturated 
aqueous sodium chloride (100 ml) and extracted twice with ethyl acetate (100 ml). The extract was washed 
with saturated aqueous sodium chloride, dried over magnesium sulfate and evaporated in vacuo. The 
40 resulting residue was subjected to a column chromatography on silica gel (100 g) eluting with a mixture of 
dichloromethane and acetone (20:1 v/v). The fractions containing the desired compound were collected and 
evaporated in vacuo to give (2S.4R)-4-t-butyldimethylsilyloxy-2-[(ethoxycarbonylmethyl)aminomethyl]-1-(4- 
nitrobenzyloxycarbonyl)pyrrolidine (3.52 g). 

IR (Neat) : 1740, 1710. 1610, 1530, 1350. 1260 cm" 1 
45 NMR (CDCI3, 5) : 0.06 (6H f s). 0.83 (9H, s), 1.24 <3H, t, J = 7Hz), 1.88-2.20 <2H. m), 5.24 (2H, s) 7.40- 

7.65 (2H, m), 8.23 (2H, d. J =8Hz) 

Preparation 15 

so To a solution of (2S t 4R)-4-t-butyldimethylsilyloxy-2-[(ethoxycarbonylmethyl)aminomethyll-1-(4-nitroben- 
zyloxycarbonyl)pyrrolidine (3.51 g) and triethylamine (1.28 ml) in tetrahydrofuran (35 ml) was dropwise 
added a solution of 4-nitrobenzyloxycarbonyl chloride (1.60 g) in tetrahydrofuran (5 ml) under ice-cooling. 
The mixture was stirred at the same temperature for 1 hour. The reaction mixture was concentrated under 
reduced pr ssure. The resulting residue was dissolved in ethyl acetate (100 ml) and the solution was 

55 washed with saturated aqueous sodium chloride, dried over magnesium sulfate, and evaporated in vacuo. 
The resulting residue was subjected to a column chromatography on silica gel (100 g) eluting with a mixture 
of dichloromethane and acetone (40:1 v/v). The fractions containing the desired compound were collected 
and evaporated in vacuo to give (2S,4R)-4-t-butyldimethylsilyloxy-2-[N-ethoxycarbonylmethyl-N-(4-nitroben- 
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zyloxycart3onyl)]aminomethyl-l-(4-nitro-benzyloxycarbonyl)pyrrolidine (3 32 g) 
IR (Neat) : 1750. 1710-1700. 1610. 1525. 1350. 1255 cm" 1 

NMR (CDCI3. 5) : 0.03 <6H, s). 0.83 (9H, s). 1.10-1.35 (3H,.m). 1.80-2.20 (2H, m). 3.35-3 75 (4H m) 
3.75-4.55 (6H. m), 5.20 (4H. s), 7.36-7.66 (4H. m) 8.22 (4H. d. J =8Hz) ( 

Preparation 16 

To a solution of (2S.4R)-4-t-butyldimethyto 
bonyl)]aminomethyl-1-(4-nitroben2yloxycarbonyl)pyrrolidine (3.31 g) in methanol (20 ml) was added 3N 
ammonia in mathanol solution (16.4 ml) at ambient temperature. The mixture was allowed to stand overnight 
at the same temperature. The reaction mixture was evaporated in vacuo. The resulting residue was 
dissolved in ethyl acetate (60 ml) and the solution was washed with saturated aqueous sodium chloride 
dried over magnesium sulfate and evaporated in vacuo to give (2S,4R)-4-t-butyldimethylsilyloxy-2-[N- 

carbamoylmethyl-N-(4-nitrobenzy!oxycarbonyl)]aminomethyl-1-(4-nitroben2yloxycarbonyl)pyrrolidine (3 32 
9). 

IR (Neat) : 1710-1700. 1610, 1530, 1350, 1250 cm" 1 

NMR (CDCb. 6) : 0.03 (6H. s). 0.83 <9H, s), 1.80-2.10 (2H. m), 5.22 (4H, s). 7.36-7.60 <4H, m) 8 22 (4H 
d, J = 8Hz) • /• v . 

Preparation 17 

(2S t 4R)-2-(N-Carbamoylmethyl-N-(4-nitrobenzyloxycarbonyl]aminomethyl-4-hydroxy-1-(4- 
nitrobenzyloxycarbonyl)pyrrolidine (2.30 g) was obtained by reacting (2S.4R)-4-t-butyldimethylsilyloxy-2-[N- 
carbamoylmethyl-N-(4-nitrobenzyloxycarbonyl)]aminomethyl-1 -(4-nitrobenzyloxycarbonyl)pyrrolidine (3 31 g) 
with cone, hydrochloric acid (0.85 ml) in substantially the same manner as that of Preparation 9 

IR (Neat) : 1710-1690. 1610. 1530-1520, 1350 cm" 1 

NMR (CDCI3, 5) : 1.90-2.28 (2H, m), 3.35-4.60 (10H, m) 5.20 (4H. s), 7.43 (2H, d. J = 8Hz) 751 <2H d 
J = 8Hz), 8.21 (4H, d, J = 8Hz) 



Preparation 18-1) 

(2S,4S)-4-Benzoylthio-2-[N-carbamoylmethyl-N-(4-nitrobenzyloxycarbonyl)]aminomethyl-1-(4- 
nitrobenzyloxycarbonyl)pyrrolidine (2.43 g) was obtained by reacting (2S,4R)-2-[N-carbamoylmethyl-N-(4- 
nitrobenzyloxycarbonyl)]aminomethyl-4-hydroxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (2.29 g) with 
tnphenylphosphine (1.70 g) and diethyl azodicarboxylate (1.02 ml), and then with thiobenzoic S-acid (0.76 
ml) in substantially the same manner as that of Preparation 4. 

NMR (CDCIa, 5): 1.85-2.32 (1H, m), 2.35-2.85 (1H, m). 5.20 (4H, s), 7.33-7.65 (7H, m), 7 85-8 00 (2H 
m), 8.22 (4H, d. J = 8H) v ' 



Preparation 18-2) 



(2S,4S)-4-Benzoylthio-2-(2-ureidoethyl)thiomethyl-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (1 87 g) was 
obtained by reacting (2S.4R)-2-(2-ureidoethyl)thiomethyl-4-hydroxy-1 -(4-nitrobenzyloxycarbonyl)pyrrolidine 
(1.71 g) with triphenylphospine (1.69 g) and diethyl azodicarboxylate (1.01 ml), and then with thiobenzoic S- 
acid (0.76 ml) in substantially the same manner as that of Preparation 4. 

IR (Neat): 1710-1650, 1530-1515. .1350-1340 cm"' 

NMR (CDCb, 6): 1.60-2.25 (2H, m), 2.40-3.60 (8H t m), 3.83-4.38 (3H, m), 4.45-4.80 (2H m) 5 22 (2H 
s). 5.35-5.65 (1 H, m). 7.33-7.76 (5H, m), 7.95 (2H ? dd. J = 7, 2Hz), 8.24 (2H. d. J =8Hz) 

Preparation 19-1) 

(2S,4S)-2-[N-Carbamoylmethyl-N-(4-nitrobenzyloxycarbonyl)]aminomethyl-4-mercapto-1-(4- 
nitrobenzyloxycarbonyl)pyrrolidine (1 .46 g) was obtained by reacting <2S,4S)-4-benzoylthio-2-[N- 
carbamoylmethyl-N-(4-nitrobenzyloxycarbonyl)]aminomethyl-1-(4-nitrobenzyloxycart)onyl)pv (2.42 g) 

with 28% sodium methoxide-methanol solution (0.93 ml) in substantially the sam manner as that of 
Preparation 7-1 ). 

IR (Neat); 1710-1790, 1610, 1530-1520 cm" 1 

NMR (CDCb, 6): 1.63-2.00 (2H, m). 2.27-2.76 (1H f m), 3.00-3.50 (2H. m), 5.21 (4H. s). 7.33-7.66 (4H, 



27 



EP 0 280 771 B1 

m). 8.22 (4H. d. J = 8Hz) 
Pr paration 19-2) 



IR (Neat): 1715-1655. 1610, 1530. 1350 cm- 



. J = 8Hz) 

Preparation 20-1) 



45 



™rc™'^r^ is f ~« sir r:~2 

^y<^^(l0Oml)andwater(i0OrS)^d^^ P- J? 3 SClUt '° n ° f s * ru P a mixture 5 
» m tetrahydrofuran (10 ml) under ^2^ °^ ^ * T*™ °' ch.oride (5 0 m ° 

sod.um hydroxide. The mixture was stirred a' the sam TSnSS^S ?i 8 " 9 With 4N a ^ 

ethyl acetate and tetrahydrofuran (1:1 v/V) 7o ™. T Z f J 0 "' 8 Md extra «ed with a mie o" 
concentrated under reduced pressure to give a syrup Thi' , Ut '° n d °™ ma 9"^ium sulfate and 

25 S ^ S " iCa 961 1200 « and elu ^ with mi*ure 0 f m 1SS W3 . S . SUbjeCted to a co,u ™ chromatog 
25 (2S.4R)-4-t-butyldimethylsilyloxy-1-chloroacetvl 2 met * ano1 30(3 d'Chloromethane (1:99 V/V) to aive 

IR (Neat) : 3400. 1660M630 cm" ' ( V ° Xymethyl)Pyrro ' idine «.22 9)- 

NMR (COCb. 5) : 1.10 (6H. s). 1 90 (9H si i «; o -x «u . 
m) ( } ' 5 " 2 - 3 <3H> mh 3 3 - 3 - 9 < 5H - »">. 4.03 (2H. s). 4.L4.5 (3H. 

30 Preparation 20- 2) 

IR (Nujol) : 1620 cm-' 

NMR (COCI3. S) : 0.10 (6H. s). 0.90 (9H. S ). 2.00 (6H. s) 

Preparation 2 1-1) 
o " 

JE^SS (i^rdro^ (4.20 g, in 

(0 55 g) ,n tetrahydrofuran (60 ml) at 20-30 -C anTST* Z ° > Um hydride (628 % in <>" suspens on) 
mixture was concentrated under reduced presLe to oLT "* * 25 - 30 * C f °' 3 hours The 

(80 ml) was washed with water (100 ml) dried Ver Z ^ * of the S ^P " ethyl acetate 

Pressure t0 give a residue. The L^l^S^^^T^ COncen <™* under" redded 
eluted w,th a mixture of methanol and chloroform J vL ? chromatography on silica gel (30 g) and 
1-a 2a -4^xabicyc.o[4.3.0jnonane (3.49 „) ( " ^ to 9 ' V9 (^-^^"tyldimetnylsilyloxyJ-oTo 

mp: 81-82 *C 
IR (Nujol) : 1650 cm-' 

m. : "° (6H * '- 90 < 9H - * '*» oh ~>. «,„. m , 3 ,., 5 (2H . m) . , , 4 3 

MS : 256 (MMSl (5M> 



256 (M+-15). 214 
55 Preparation 21-2) 
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5 



mp'^^C SOdiUm hydridS in SubStantia " y * e same man ™ ^ that of Preparation 21-1). 
IR (Nujol) : 1 740 cm" 1 

NMR (CDCI 3 . S) : 0.02 (6H. s), 0.85 (9H, s). 1.37 (3H. s). 1.43 (3H, s) 
Preparation 22 



A suspension of (eS.SR^S-t-butyldimethylsilyloxy^-oxo-l-aza-^xabicycio^.S.Olnonane (1 43 a) in 6N 
hydrochlonc ac.d (14 ml) was heated for 3 hours under reflux. After cooling, the solution was wasSd w»h 
w ethyl acetate (7 ml x 2) and concentrated under reduced pressure to give (2 S JrT 2 
(carboxymethyloxymethyl)-4-hydroxypyrrolidine hydrochloride. " 



0 



Preparation 23 

To a solution of the compound obtained in Preparation 22 in a mixture of water no mi\ 

ZZZZTn SIT r drOP T 3 S °' Uti0n ° f ^roben.yloxyc^ny 0 ; S^i^gTS 

nvd^vil Th ( ? " ,ce ^ 00 ""9 w,th stirring, keeping the pH between 8-9 with 4N aqueous sod urn 
hydrox.de The m.xture was st.rred under the same condition for 2 hours, adjusted to pH 2 5 wrth 6N 

w.th bnne. dr.ed over magnes.um sulfate and concentrated under reduced pressure to give a syrup Tne 
syrup was subjected to a column chromatography on silica gel (20 g) and eluted with a mixture 'of mettanS 

SySSissr ,o 9ive (2s - 4R >- 2 -^— y^^^ 

IR (Neat) : 3600-3300, 1750-1680 cm" 1 
(2H, Tj -'°5H2° *is (2h! a! j 2 = asHzl"' **" W "* 3 " GH ' * <*■ "* ™ <*. * *» 

Preparation 24-1) 

A solution of (6S.8R)-8-t-butyldimethylsilyloxy-2-oxo-1-a2a-4^xabicyclo[4.3.0]nonane (20 0 g) in 6N 

X So "^rrnr' 3 r6f,UX - AftSr C ° 0,in9 - ^ - -s^ wtth 

ethyl acetate (100 ml) and concentrated under reduced pressure to give (2S4R1-2- 

carboxymethyloxymethyl-4-hydroxypyrrolidine. The compound obtained above was dissolved in a m^ure of 
tetrahydrofuran (100 ml) and water (100 ml). To the so.ution was dropwise added a so.uTon of benzytox 
IIZ^TT^ 55 m ° " tetrah * rafu ™ < 2 ° •"■> ice-cooling with stirring, keep ng he pH 

aTTa^ Wlt t h h 4N th a< | Ue0U f S ° d : :„ hydr ° Xide - 1716 mixture was stirred at the «">• condition for 1 hour 
and washed with ethyl acetate (100 ml x 2). The aqueous solution was adjusted to pH 2 with 6N 

" d aCetate (,5 ° ^ add9d thereta The ° r9aniC ' ayer waS -pa'ated. tshed 
bUn k ■ T magnesium sulfa,e and concentrated under reduced pressure to give (2S.4R)-1- 
ben2yloxycarbonyl-2-carboxymethyloxymethyl-4-hydroxypyrrolidine(19 95a) 
IR (CHCb ) : 3450-3050. 1 750-1 660 cm"' ' 

(5H, <CDC ' 3 ' ^ ' 1 ' 8 " 2 ' 3 (2H ' 3 ' 4 " 3 ' 9 <4H ' 3 9 " 4 3 (3H ' m) " 4 ' 3 " 4 6 (1H ' m)> 513 < 2H ' S >' 734 

Preparation 24-2) 

n» J?f "JI^ (0.85 
g) was obtamed by reacting (eS.SRJ-a-t-butyldimethylsilyloxy-S.S-dimethy^-ox^l.aza-^xabicycloK 3 S 

SHS,?^ "* J* 0 */? 0 add and ^^obenzy.oxycarbony, chtoride -ucc^JH^^Z 

the same manners as those of Preparations 22 and 23 
IR (Neat) : 1710-1675 cm" 1 

(2H,Tj R Ja5^ S) : (3H ' SK <3H ' S)> 1 * 95 ' 2 20 (2H> m) ' 5 23 (2K m) ' 7 48 < 2H - * J -MHz). 8.19 
Preparation 25-1) 

solulrLf ?;< 5 0 iB^ an ! SU,f0nyl . Ch, ° rid (0 62 m,) in dich,orom ethane (2 ml) was dropwise added to a 
soluhon of (2S.4R)-2-(carboxymethylox y methyl)-4-hydroxy-1-(4-nitroben Z yloxycarbonyl) Py rrolidine (1.42 g) 
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«* «w MncM wim dicWoram tan. (50 ml , 5 ™»- ad/ustw » PH 2 . 5 „,„ 6N hydroc) , |0 , 

(CHQ 3 ) : 1750, 1705 cm" ' 

- ■* ^^^^^ a ^ * ^ «- < 2 ». * « (2H, s , ,,, 4 „ 

Preparation 25-2 ) 

"ethylene (27 ml) in tetrahydrofuran 20?^T* T '^^^^P^'^ne (1 9 . 95 S and 

EEST *V hOUr ^ SrS ntc Twate? Soo at th ° same 

hydroch.onc ac,d and extracted with ethyl acetate (150 ml x 2) Th« „ f^*"* t0 pH 2 5 with ™ 
20 £1S X ?> L* ,9d ° VSr ma 9" esi ""> sulfate and conS^^l! "^J"" Was washed brine 
20 ben2 y |ox ycarbonyl-2-carboxymethyloxvmethvl-4- m ^h7 ,« 6r reduced Pressure to give (2S 4RM 

'R (Neat) : 3500-3100. 1755065^- SUlf ° ny, ° XyPyrro,idine g). < 2S " 4R H- 



Preparation 26-1) 



at 0 - 5 - C and the solution was stirred at the sam^^f ? concentrated ammonia water (10 ml) 

2* ( -nd 6XtraCted W ' th ^'oroforn, (50 ^) ' ^ ^ W3S P° Ured ^ 

c^L t nCentr K ted Und8r reduced P^ure to give ™ s rlT ^ * tod OVer cesium sulfate 

35 IR (Neat): 1710-1670 cm- 

Preparation 26-2) 
rro.idine (3.r 9 T; 

temperature and the mixture was stirrec at L s^t f^I \ ( ° 9 ° m,) with s « rri ng at amb . 

urea (1.80 g) and concentrated sulfuric a^ To 05^0 22^™™'™ T ° *° ^ ™^ 
6. hours. The reaction mixture was poured into i^m^^^^ 0 ^ W3S heated reflux for 
The organ, c layer was dried over magnesium suS V G 1? T t T™™ With aceta * (100 ml) 
syrup The syrup was subjected to a ^HLSlSSSl^.^ ^ redUCed pressure * ^ ■ 
of methanol and chloroform (1:99 V/V ) to g™ "£§ ° h " S ' b ? 9el < 100 9> eluted with a mixture 

mp : 120-122T: * y/ " 



40 



45 



5 o mp : 120-122 *C 

'R (KBr) : 3500-3100, 1725-1685 cm~ 



55 



« m f?* 1 S ' : 300 ,3H - * 4M < 2H - * <*. * « oh, * s , ,3a (5H . s , 8 03 „ H „, 

El MS : 429 (M + ). 298, 254 ' 
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Preparation 27 

A solution of methanesulfonyl chloride (0-4 mi) in tetrahydrofuran (2 ml) was dropwise added to a 
solution of (2S,4R)-2-(1-carboxy-1-methylethy))oxymethyl-4-hyd 
s (0.84 g) and triethylamine (1 ml) in tetrahydrofuran (8 ml) at -10 — 5*C and the mixture was stirred at the 
same condition for 30 minutes. The mixture was dropwise added to a 10% solution (20 ml) of ammonia in 
ethanol and the mixture was stirred at the same temperature for 1 hour. The mixture was concentrated 
under reduced pressure to give a residue. The residue was dissolved in ethyt acetate (50 ml), washed with 
water (50 ml), dried over magnesium sulfate and concentrated under reduced pressure to give a syrup. The 
10 syrup was subjected to a column chromatography on silica gel (20 g) and eluted with a mixture of methanol 
and chloroform (1:99 V/V) to give (2S,4R)-2-(1 -carbamoyl- 1-methy lethyl)oxymethyl-4-methanesulfonyloxy-l- 
(4-nitrobenzyloxycarbonyi)pyrrolidine (1.01 g). 

IR (CHCIa) : 1710-1685 cm" 1 

NMR (CDCI 3 , 5) : 1.37 (6H, s), 3.05 (3H, s), 5.24 (2H, s), 7.51 (2H. d. J = 8.5Hz), 8.23 (2H, d, J = 8.5Hz) 

15 

Preparation 28 

To (2S,4R)-2-(carbamoylmethyl)oxymethyl-4-methanesulfonyloxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidine 
(1.75 g) was added N,N-dimethylformamide dimethylacetal (1.75 ml) and the mixture was stirred at 70 # C 

20 for 3 hours. The mixture was poured into ethyl acetate, washed in turn with water and brine, and evaporated 
in vacuo. The oily residue was dissolved in acetic acid (30 ml) and to this solution was added hydrazine 
hydrate (0.32 ml) at room temperature. After stirring at the same temperature for 2 hours, the mixture was 
poured into a mixture of water and ethyl acetate. The organic layer was washed in turn with saturated 
aqueous sodium bicarbonate and brine, dried over magnesium sulfate and evaporated in vacuo. The oily 

25 residue was subjected to a column chromatography on silica gel eluting with a mixture of acetone and 
dichloromethane (1:4, V/V) to give (2S,4R)-4-methanesulfonyloxy-1-(4-nitrobenzyloxycarbonyl)-2-[(2H-1 ,2,4- 
triazol-3-ylmethyl)oxymethyl]pyrrolidine (1.47 g). 
IR (CH 2 CI 2 ) : 1690-1710. 1610 cm" 1 

NMR (CDCI3, 5) : 3.07 (3H, s). 4.70 (2H, s). 5.1-5.4 (3H, m), 7.4-7.7 (2H, d. J=9Hz), 8.21 (2H, d, 
30 J=9Hz), 8.09 (1H, s) 

Preparation 29 

A solution of (2S,4R)-1 -ben2yloxycarbonyl-4-methanesulfonyloxy-2-[(ureidocarbonylmethyl)oxymethyl]- 
3S pyrrolidine (3.00 g) in a mixture of methanol (30 ml) and tetrahydrofuran (60 ml) was hydrogenated under 
atmospheric pressure of hydrogen at ambient temperature for 5 hours in the presence of 20% palladium 
hydroxide on carbon (1 g). The catalyst was filtered off and the filtrate was concentrated under reduced 
pressure to give (2S,4R)-4-methanesulfonyloxy-2-[(ureidocarbonylmethyl)oxymethyl]pyrrolidine. To a solu- 
tion of the compound obtained above in a mixture of tetrahydrofuran (20 ml) and water (20 ml) was 
40 dropwise added a solution of allyl chloroformate (0.82 ml) in tetrahydrofuran (2 ml) under ice-cooling with 
stirring, keeping the pH between 9-10 with 4N aqueous sodium hydroxide. The mixture was stirred at the 
same condition for 1 hour and extracted with ethyl acetate (50 ml). The organic layer was dried over 
magnesium sulfate and evaporated under reduced pressure to give a syrup. The syrup was subjected to a 
column chromatography on silica gel (15 g) and eluted with a mixture of methanol and chloroform (2:98 v/v) 
45 to give (2S,4R)-1-allyloxycarbonyl-4-methanesulfonyloxy-2-[(ureidocanbonylmethyl)oxymethyl]pyrrolidine 
(1.11 g). 

IR (Neat) : 1720-1685 cm"' 

NMR (CDCI3, S) : 3.07 (3H, s). 4.10 (2H, s) 

so Preparation 30-1) 

A solution of (2S,4R)-2-(carbamoylmethyl)oxymethyl-4-methanesulfonyloxy-1-(4-nitrobenzyloxycar- 
bonyl)pyrrolidine (0.98 g) in dimethylformamide (2 ml) was added to a reaction mixture of thioacetic S-acid 
(0.25 ml) and sodium hydride (62.8% in oil suspension) (ail g) in dimethylformamide (10 ml) in a nitrogen 
55 stream and the mixture was heat d at 70-75 *C for 3 hours. Th mixture was poured into water (100 ml), 
extracted with ethyl acetate (50 ml x 3), dried over magnesium sulfate and concentrated under reduced 
pressure to give a syrup. The syrup was subjected to a column chromatography on silica gel (20 g) and 
eluted with a mixture of methanol and chloroform (1:99 v/v) to give (2S,4S)-4-acetylthio-2- 
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(carbamoylmethyl)oxymethyl-1-(4-nitrobenzyloxycartXDnyl)pyrroIidine (0 72 g) 
IR (Neat) : 1715-1670 cm"' 

p i0 Tu R i C ? Cb * 5> 1 2 33 (3K S) - 3 72 (2H ' * J = 5H2) ' 397 < 2H ' s >' 520 < 2H ' s >' ™5 (2H. d. J = 85Hz) 
0.18 (2H, d t J = 8.5Hz) 

Preparation 30-2) 

(2S t 4SM-Acetylthio-1-(4-nitroben^ 
(1.18 g) was obtained by reacting (2S ( 4R)-4-methanesulfonyloxy-l-(4-nitrobenzyloxycarbonyl)-2-[{(2H-1 2 4- 
triazol-3-yl)methyl}oxymethyl]pyrrolidine (1.47 g) with thioacetic S-acid (0.36 ml) in substantially the same 
manner as that of Preparation 30-1). 

IR (CH2CI2) : 1690-1710, 1610 cm"' 

NMR (CDCI3. 6) : 2.32 (3H, s), 3.1-3.4 (1H, m), 4.72 (2H, s). 5.24 (2H, s), 7.51 (2H, d. J = 9Hz) 8 09 (1H 
s). 8.28 (2H, d, J = 9Hz) * v * 

Preparation 30-3) 

(2S ( 4S)-4-Acetylthio-1-allyloxycarbonyl-2-[(ureidocarbonylmethyl)oxymethyi]pyrrolidine (0 60 g) was ob- 
tained by reacting (2S,4R)-1 -allyloxycarbonyl-4-methanesulfonyloxy-2-[(ureidocarbonylmethyl)oxymethyl]- 
pyrrohdine (1.05 g) with thioacetic S-acid (0.44 ml) in substantially the same manner as that of Preparation 
30-1 ). 

IR (Neat) : 1730-1670 cm"' 

NMR (CDCb, i) : 2.33 (3H. s). 4.06 (2H, s) 

Preparation 30-4) 

(2S.4S)-4-Acetylthio-2-(1 -carbamoyl-1 
(0.84 g) was obtained by reacting (2S.4R)-2-(1-carbamoyl-1-methylethyl)oxymethyl-4-methanesulfonyloxy-1- 
(4-mtroben2yloxycarbonyl)pyrrolidine (0.95 g) in substantially the same manner as that of Preparation 30- n 
IR (Neat) : 1710-1675 cm-' V 
NMR (CDCI3 . S) : 1.40 (6H, s). 2.37 (3H. s). 5.23 (2H, s). 7.51 (2H. d, J = 8.5Hz). 8.24 (2H, d. J = 8.5Hz) 

Preparation 31-1) 

To a solution of (2S.4S)-4-acetylthio-2-(carbamoylmethyl)oxymethyl-1-(4-nirobenzyloxycarbonyl)- 
pyrrohdme (0.80 g) in methanol (16 ml) was added sodium methoxide (28% solution in methanol (0.45 ml) 
at -10—5 *C in a nitrogen stream and the mixture was stirred at the same condition for 0 5 hour To the 
mixture was added glacial acetic acid (0.15 ml) at -10-0 *C. The mixture was concentrated under reduced 
pressure to give a residue. The residue was dissolved in ethyl acetate (40 ml). The solution was washed 
with water (40 ml), dried over magnesium sulfate and concentrated under reduced pressure to give a syrup 
The syrup was subjected to a column chromatography on a silica gel (20 g) and eluted with a mixture of 
methanol and chloroform (1:99 v/v) to give (2S.4S)-2-(carbamoylmethyl)oxymethyl-4-mercapto-1-(4-nitroben- 
zyloxycarbonyl)pyrrolidine (0.60 g). 

IR (Neat) : 1710-1670 cm" 1 

NMR (CDCb. «) : 3.96 (2H. s), 5.20 (2H. s). 7.48 (2H, d. J = 8.5Hz), 8.20 (2H. d. J = 8Hz) 
Preparation 31-2) 

(2S.4S)-4-Mercapto-1-(4-nitrobenzyloxycarbonyl)-2-[(2H-1,2.4-triazol-3-yl)methyloxymethyl]pyrrolidine 
(1.0 g) was obtained by reacting (2S.4S)-4-acetylthio-1-(4-nitrobenzyloxycarbonyl)-2-[{(2H-1 2 4-triazol-3-yl)- 
methyl}oxymethyjpyrrolidine (1.18 g) with sodium methoxide (28% solution in methanol) (0 83 ml) in 
substantially the same manner as that of Preparation 31-1). 

IR (CH 2 Cla) : 1690-1710. 1610 cm"' 

NMR (CDCI 3 , «) : 4.72 (2H. s). 5.23 (2H. s). 7.52 (2H. d. J =9Hz). 8.08 (1H. s). 8.27 (2H. d. J = 9 Hz) 
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Preparation 31-3) 

(2S.4SH -Ally loxycarbonyl-4-mercapto-2-(ureidocarbonylmethyl)oxy methylpyrrolidine (0.36 g) was ob- 
tained by reacting (2S.4S)-4-acetylthio-1-allyloxycarbonyl-2^^ 

(0.58 g) with sodium methoxide (28% solution in methanol) (0.36 ml) in substantially the same manner as 
that of Preparation 31-1). 

IR (Neat) : 1720-1670 cm" 1 

NMR (CDCI3.6) : 4.10 (2H, s) 

Preparation 31-4) 

(2S.4S)-2-(1-carbamoyl-1-methylethyl)oxymethyl-4-mercapto-1-(4-nitroben2yloxycarbonyl)pyrrolidine 
(0.65 g) was obtained by reacting (2S,4S)-4-acetylthio-2-(1 -carbamoyl- 1-methylethy l)oxy methyl- 1 -(4- 
nitrobenzyloxycarbonyl)pyrrolidine (0.83 g) in substantially the same manner as that of Preparation 31-1). 

IR (Neat) : 1705-1675 cm" 1 

NMR (CDCI3, 5) : 1.39 (6H. s), 3.66 (2H, d. J=4.5Hz). 3.9-4.3 (2H, m), 5.23 (2H. s), 7.52 (2H, d. 
J = 8.5Hz), 8.25 (2H, d, J = 8.5Hz) 

Preparation 32 

1) To a suspension of sodium hydride (62.8 % suspension in oil) (0.38 g) in N.N-dimethylformamide (12 
ml) was added 5-mercapto-1 -methyl- 1 H-tetrazole (1.14 g) under ice-cooling. The mixture was stirred at 
the same temperature for 30 minutes. This solution was added dropwise to a solution of (2S.4R)-4-t- 
butyldimethylsilyloxy-2-methanesulfonyloxymethyl-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (3.0 g) in N,N- 
dimethylformamide (60 ml) under ice-cooling. The mixture was stirred at 60-70 *C for 2 hours. The 
reaction mixture was poured into ice-water (200 ml) and extracted 3 times with ethyl acetate (100 ml). 
The extracts were combined, washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate and evaporated in vacuo. The resulting residue was chromatographed on silica gel 
(100 g) eluting with a mixture of dichloromethane and acetone (40:1, V/V). The fractions containing the 
desired compound were collected and concentrated under reduced pressure to give (2S,4R)-4-t- 
butyldimethylsilyloxy-2-(1 -methyl-1 H-tetrazol-5-yl)thiomethyl-1 -(4-nitrobenzyloxycarbonyl)pyrrolidine (1 .68 

9>- 

IR (Neat) : 1710-1700, 1610, 1530-1520, 1350, 1260 cm" 1 

NMR (CDCI3, 5) : 0.07 (6H, s). 0.86 (9H, s), 1.90-2.15 (2H, m), 3.40-3.60 (2H, m), 3.60-3.85 (2H, m). 
3.83 (3H, s), 4.25-4.55 <2H. m). 5.15-5.35 (2H, m), 7.53 (2H, br. d. J = 8Hz). 8.23 (2H, d, J=8Hz) 

2) (2S,4R)-4-t-Butyldimethylsilyloxy-1-(4-nitrobenzyloxycarbonyl)-2-(1,3,4-thiadiazol-2-yl-thiomethyl)- 
pyrrolidine (2.41 g) was obtained by reacting (2S,4R)-4-t-butyldimethylsilyloxy-2- 
methanesulfonyloxymethyl-1 -(4-nitrobenzyloxycarbonyl)pyrrolidine (3.0 g) with 2-mercapto-1 .3,4- 
thiadiazole (2.32 g) in substantially the same manner as that of Preparation 32-1). 

IR (Neat) : 1705, 1610, 1525, 1350, 1260 cm" 1 

NMR (CDCI3, 5) : 0.06 (6H, s), 0.82 (9H. s), 1.56 (1H, s), 1.93-2.22 (2H, m). 3.43-3.63 (2H, m). 3.66- 
3.95 (2H. m), 4.30-4.65 (2H , m), 5.25 (2H, br. s), 7.52 (2H, br. d, J = 8Hz), 8.21 (2H, d. J = 8Hz). 8.98 (1H. 
s) 

3) (2S,4R)-4-t-Butyldimethylsilyloxy-2-[1 -{2-(N,N-dimethylamino)ethyl}-1 H-tetrazol-5-yl]thiomethyl-1 -(4- 
nitrobenzyloxycarbonyl)pyrrolidine (2.55 g) was obtained by reacting (2S.4R)-4-t-butyldimethylsilyloxy-2- 
methanesulfonyloxymethyl-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (3.0 g) with 1-[2-(N,N-dimethylamino)- 
ethyl]-5-mercapto-1 H-tetrazole (2.28 g) in substantially the same manner as that of Preparation 32-1). 

IR (Neat) : 1710, 1678, 1610, 1528, 1405, 1260 cm" 1 

NMR (CDCI3 , 5) : 0.04 (6H, s). 0.83 (9H. s). 1.88-2.21 (2H, m), 2.25 (6H, s). 3.45-3.64 (2H, m). 3.68- 
3.91 (2H, m). 4.17-4.60 (4H, m), 5.21-5.36 (2H, m). 7.55 (2H. br. d. J =8Hz). 8.62 (2H, d, J = 8Hz) 

4) (2S.4R)^t-Butyldimethy!silyloxy-1^ 

(2.59 g) was obtained by reacting (2S,4RH-t-butyldimethylsilyloxy-2-mesulfonyloxymethyl-l-(4-nitroben- 
zyloxycarbonyl)pyrrolidine (3.5 g) with 4-mercaptopyridine (1.28 ml) in substantially the same manner as 
that of Preparation 32-1). 

IR (Neat) : 1710-1700. 1610. 1580. 1525. 1350, 1260 cm" 1 

NMR (CDCI3, 5) : 0.06 (9H. s). 0.86 (3H. s). 1.90-2.25 (4H. m), 2.80-3.30 <1H. m). .3.35-3.65 (3H. m). 
4.10-4.65 (2H. m). 5.25 (2H. br. s). 7.20-7.75 (4H, m), 8.15-8.55 (4H, m) 
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Preparation 33 

1) To a solution of (2S.4R)-4-t-butyldimethylsilyloxy-2-(1-methyl-1H-tetra2ol-5-yl)thiornethyl-i-{4-nitroben- 
zyloxycarbonyl)pyrrolidine (1.67 g) in methanol (30 ml) was added cone, hydrochloric acid (0 82 ml) at 
ambient temperature. After stirring at the same temperature for 1 hour, the reaction mixture was 
concentrated under reduced pressure. The resulting residue was dissolved in ethyl acetate (80 ml) The 
solut.on was washed with saturated aqueous sodium hydrogen carbonate and saturated aqueous sodium 
chloride successively, dried over anhydrous magnesium sulfate, and evaporated in vacuo to qive 
£S.4R)-4-hydroxy-2-(1 -methyl- 1 H-tetrazol-5-yl)thiomethyl-l -(4-nitrobenzyloxycarbonyl)pyrrolidine (1 .25 

IR (Neat) : 1710-1680. 1610, 1525. 1350 cm" 1 

NMR (CDCIs. 5) : 2.10-2.35 (3H, m), 3.50-3.90 (4H. m). 3.93 (3H, s). 4.30-4.70 (2H m) 5 21 (2H s) 
7.56 (2H. d. J = 8Hz). 8.22(2H. d, J=8Hz) ' ' 

Mass : 394 (M+) 

2) (2S.4R)-4-Hydroxy-1-(4-nitrobenzyloxycarbonyl)-2-(1.3.4-thiadiazol-2-ylthiomethyl)pyrrolidine (1 76 q) 
was obtained by reacting (2S,4R)-4-t-butyldimethylsilyloxy-1-(4-nitrobenzyloxycarbonyl)-2-(1 3 4- 
th.adiazol-2-ylthiomethyl)pyrrolidine (2.40 g) with cone, hydrochloric acid in substantially the same 
manner as that of Preparation 33-1). 

IR (Neat) : 1710, 1690, 1610. 1520. 1350 cm"' 

NMR (CDCI 3 . S) : 2.06-2.34 (3H, m). 3.50-3.90 (4H. m), 4.33-4.73 (2H, m), 5.22 (2H s) 7 53 (2H brd 
J=8Hz). 8.20 (2H.d. J = 8Hz). 9.86(1 H.s) 1 ' ' 

Mass : 396 (M*) 

3) (2S.4R)-2-{1-{2-(N,N-Dimethylamino)ethyl}-1H-tetrazol-5-yl]thiomethyl-4-hydroxy-1-(4-nitrobenzylox- 
ycarbonyl)pyrrolidine (1.83 g) was obtained by reacting (2S,4R)-4-t-butyldimethylsilyloxy-2-ri-{2-(N N- 
dimethylamino)ethyl}-1 H-tetrazol-5-yl]thiomethyl-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (2.54 g) with 
cone, hydrochloric acid in substantially the same manner as that of Preparation 33-1) 

IR (Neat) : 1705. 1610. 1525, 1405, 1350 cm"' 

NMR (COCI3.S) : 2.02-2.25 (1H. m). 2.26 (6H, s), 2.63-3.01 (2H, m). 3.53-3.95 (4H. m) 4 18-4 67 (4H 
m). 5.25 (2H, s). 7.58 (2H,br.d. J =8Hz). 8.63 (2H, d. J = 8Hz) ' 
Mass : 451 (M + ) 

4) (2S,4R)-4-Hydroxy-1-(4-nitrobenzyloxycarbonyl)-2-(pyridin-4-ylthiomethyl)pyrrolidine (1 98 g) was ob- 
tained by reacting (2S,4R)-4-t-butyldimethylsilyloxy-1 -(4-nitrobenzyloxycarbonyl)-2-(pyridin-4-yl- 
thiomethyl)pyrrolidine (2.57 g) with cone, hydrochloric acid (1.25 ml) in substantially the same manner as 
that of Preparation 33-1) . 

IR (Neat) : 1700-1685, 1610, 1590. 1525, 1350 cm"' 

NMR (CDCI3. 5) : 2.70-3.20 (3H. m). 3.35-3.85 (3H. m). 4.15-4.60 (2H. m). 5.21 (2H. s) 7 15-7 40 (2H 
m). 7.48 (2H.d.J=8Hz). 8.18 (2H.d. J = 8Hz). 8.20-8.45 (2H.m) • • ■ 1 . 

Mass : 389 (M*). 265 (MM 24) 

Preparation 34 

1) To a solution of (2S,4R)-4-hydroxy-2-(1-methyl-1H-tetrazol-5-yl)thiomethyl-1-(4-nitrobenzyloxycar- 
bonyl)pyrrolidine (1.23 g) and triphenylphosphine (1.23 g) in tetrahydrofuran (25 ml) was added dropwise 
a solution of diethyl azodicarboxylate (0.74 ml) in tetrahydrofuran (2 ml) under ice-cooling. After stirring 
at the same temperature for 30 minutes, to the solution was added thiobenzoic S-acid (0 55 ml) under 
ice-coohng. The mixture was stirred at the same temperature for 2 hours. The reaction mixture was 
concentrated under reduced pressure to give a residue. The residue was dissolved in ethyl acetate (100 
ml) and the solution was washed with saturated aqueous sodium hydrogen carbonate and saturated 
aqueous sodium chloride successively, dried over anhydrous magnesium sulfate, and evaporated in 
vacuo. The resulting residue was chromatographed on silica gel (100 g) eluting with a mixture of 
dichloromethane and acetone (19:1. V/V). The fractions containing the resired compound were collected 
and evaporated in vacuo to give (2S.4SH-benzoylthio-2-(1-methyl-1H-tetrazol-5-yl)thiomethyl-1-(4- 
nitrobenzyloxycarbonyl)pyrrolidine (1.61 g). 

IR (Neat) : 1710-1700. 1665. 1610, 1525. 1350, 1210 cm"' 

NMR (CDCb. 5)_: 3.92 (3H. s). 5.92 (2H. s). 7.41-7.75 (5H. m). 7.83-8.08 (2H. m). 8.25 (2H. d. 
J = 8Hz) 

2) (2S.4S)-4-8enzoylthio-1-(4-nitrobenzyloxycarbonyl)-2-(1.3.4-thiadiazol-2-ylthiomethyl)pyrrolidine (2 73 
g) was obtained by reacting (2S,4R)-4-hydroxy-1-(4-nitrobenzyloxycarbonyl)-2-(1.3.4-thiadiazol-2-yl- 
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thiomethyUpyrrolidine (1.77 g) with triphenylphosphine (1-76 g). diethyl azodicarboxylate (1.05 ml) and 
SSSKSKi ml) successively in substantially the same manner as that of Pr paraton 34-1 ). 
IR fNleatt • 1710-1660 1610. 1530-1520. 1350 cm" 1 

rTlvlR (CDClJ. S) : 3^80-4.06 <2H. m). 5.27 (2H. s). 7.37-7.73 (5H. m). 7.82-8.05 (2H. m). 8.24 (2H. d. 
^r 8HZ) ;2sTsM H Benzoylthio-2-[1-{2-(N.N-dimethylamino)ethy 

zLvcSony iS^^88 Q) wi. obtained by reacting (^4RWl^.N^imethy|^no^l V l>. 

InXSoiTdUf" azodicarboxylate (0.95 ml), and thiobenzoic S-acid (0.98 ml) successively ,n 

substantially the same manner as that of Preparation 34-1). 

IR (Neat* 1710 1670-1660. 1610, 1525, 1405. 1350 cm -ou m 

NMR (CDCb 3) 2.22 (3H. s). 2.66-2.96 (2H. m). 4.15-4.50 (4H. m). 5.26 (2H. s). 8.25 (2H. d. 

lr ?2 H S Z) 4S)-4-Benzoylthio-1 -(4-nitroben Z ylox y carbonyl)-2-(pyridin-4-ylthiomethyl)pyrrolidine (3 56 g) was 

SSS^SSi OH. dU azodicarboxylate (1,9 ml) and thiobenzoic S-acid (0.89 
ml) successively in substantially the same manner as that of Preparat.on 34-1). 
ir nMnion -1710 1670. 1585, 1525, 1350 cm -1 

NMr"SoC.3 6) : 2V2.70 (2H. m), 4,0-4.45 (2H. m). 5.25 <2H. s). 8.15-8.60 (4H. m) 

Preparation 35 

1) To a solution of <2S,4S)-4-benzoylthio-2-(1-meth y l-1H-tetrazol-5-yl^ 

1 ) To a solution «l» ) _ ethano , (30 ml) was added sodium methoxide (28% solution in methanol) 
TaZZ™^«9 AftHring aMhe same temperature for 30 minutes, to this so.ution was 
lei. acetic acid (1 ml). The mixture was concentrated under reduced pressure to g.ve a 
residue'^hTre"^ ue was'd sso.ved in ethyl acetate (100 ml). The so.ution was washed with saturated 
aqueous sodium chloride, dried over anhydrous magnesium su.fate and evaporated ^ »^Tto 
resumna residue was chromatographed on silica gel (100 g) eluting with a mixture of dichloromethane 
SSL^SiT/^ The fractions containing the desired compound were collected and evaporated 
Tvacufto give (2S 4S)-4-mercapto-2-(1-me^ 

pyrrolidine (0.78 g). 
mp : 144-1 45 *C 

SJ^T^'S ™™j2£* (1H. m). 2.52-3.03 (1H. m). 3,2-3.53 (2H. m). 3.65- 
3 95 (!S S 3 92^. s) 4 02 4.U | 2 h! m). 5.22 (2H. s). 7.56 (2H.br.d. J = 8Hz>. 8.21 (2H. d. J = 8Hz) 

was obtained by reacting ( 2S.4S)-4-benzoylthio-1-(4-nitrobenzyloxycarbonyl)-2-(1.3.4-th,ad.azol 2 yl 
SmethyTpyrroile (2.71 9 g) with sodium methoxide in substantially the same manner as that of 

Preparation 35-1). 
mp : 81-82-C 

4.03 (2H. m). 5.25 (2H. s). 7.60 (2H, br. d. J = 8Hz). 8.23 (2H. d. J = 8Hz). 9.03 <1H, s) 
3) ^S^Y^ 

dium methoxide in substantially the same manner as that of Preparation 35-1). 
IR (Neat) : 1710-1700. 1610. 1525. 1405. 1350 cm 1 
NMR (CDCfo . 5) : 2.28 (6H. s). 5.25 (2H. s). 8.24 (2H. d. J = 8Hz) 

41 <2S^s\^ M Vrc^ (2 f 1 ? ) Wa ^ n b : 

tied^reaclT(^ 

(3 54 g) with sodium methoxide in substantially the same manner as that of Pr paraton 35-1). 

S^T^^"?^ OH- m>. 3.0S-3S0 (2H. m, 3.50-3.65 (1H. m). 3.80- 
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4.40 (3H, m), 5.25 (2H, s), 8.20 (2H t d. J = 8Hz), 8.36 (2H. br. d. J = 6Hz) 
Mass : 405 (M+), 281 (M+-124) 

Preparation36 

To a solution of (2S.4R)-2-(carboxymethyloxymethyl)-4-methanesulfonyloxy-1 -(4-nitrobenzyloxycar- 
bonyl)pyrrolidine (2.4 g) in tetrahydrofuran (50 ml) was added triethyamine (1.6 ml). Isobutyl chloroformate 
(1.1 ml) was dropwise added to the mixture at -5 to -10 *C under nitrogen, followed by stirring for 30 
minutes at the same temperature. The insoluble material was filtered off and the filtrate was added to a 
solution of sodium borohydride (0.70 g) in water (20 ml) at 0 *C. After stirring for 2 hours at the same 
temperature, acetic (3 ml) was added thereto. The reaction mixture was evaporated, diluted with ethyl 
acetate and washed successively with water, saturated sodium bicarbonate and brine. The dried organic 
layer was concentrated under reduced pressure, and the obtained syrup was subjected to a column 
chromatography on silica gel and eluted with a mixture of dichloromethane and acetone (4:1 v/v) to give 
(2S.4R)-2-(2-hydroxyethy loxy methyl)-4-methanesulfony loxy- 1 -{4-nitrobenzy loxycarbonyl)pyrrolidine (2. 1 g). 

IR (CH2CI2) : 3460, 1680-1720. 1605 cm" 1 

NMR (CDCI3, 5) : 2.1-2.5 (2H, m), 3.02 (3H, s), 3.4-4.0 (8H, m), 4.1-4.4 (1H, m) t 5.2-5.5 (3H, m), 7.53 
(2H, d. J = 8.5Hz), 8.27 (2H, d. J = 8.5Hz) 

Preparation 37 

(2S,4S)-4-Acetylthio-2-(2-hydroxyethyloxymethyl)-1 -(4-nitrobenzy loxycarbonyl)pyrrolidine (1 .8 g) was 
obtained by reacting (2S,4R)-2-(2-hydroxyethyloxymethyl)-4-methanesulfonyloxy-1-(4-nitrobenzyloxyca- 
rbonyl)pyrrolidine (2.1 g) with thioacetic S-acid (0.54 ml) and sodium hydride (62.8% suspension in oil. 0.29 
g) in substantially the same manner as that of Preparation 30-1 ). 

IR (Neat) : 3350-3450. 1670-1720, 1605 cm" 1 

NMR (CDCb. 6) : 1.8-2.7 (2H. m), 2.33 (3H, s). 3.28 (1H. m), 3.5-4.4 (9H, m), 5.27 (2H, s), 7.54 <2H, d. 
J = 9Hz). 8.29 (2H. d, J = 9Hz) 

Preparation 38 

To a solution of (2S,4S)-4-acetylthio-2-(2-hydroxyethyloxymethyl)-1 -(4-nitrobenzyloxycarbonyl)- 
pyrrolidine (1.1 g) in acetonitrile (20 ml) was added chlorosulfonyl isocyanate(0.32 ml) at 0-5 -C and the 
mixture was stirred at 20-25 *C for 1 hour. Water (3 ml) was added to the solution at the same temperature 
and the mixture was stirred for 20 hours. After the solvent was evaporated, "the residue was dissolved in 
ethyl acetate, washed with water, saturated sodium bicarbonate and brine successively. The dried organic 
layer was evaporated to give (2S.4S)-4-acetylthio-2-(2-carbamoyloxyethyloxymethyl)-1-(4-nitrobenzyloxycar- 
bonyl)pyrrolidine (1.19 g). 

IR (Neat) : 3450. 3350, 1680-1730. 1605 cm" 1 

NMR (CDCb, 5) : 2.32 (3H, s), 2.2-2.8 (2H. m), 3.0-3.4 (1H. m), 3.5-3.8 (4H. m). 3.8-4.3 (5H, m). 4.5-5.0 
(2H. m), 5.22 (2H, s), 7.56 (2H, d, J = 9Hz) 8.29 (2H. d, J = 9Hz) 

Preparation 39-1) 

(2S.4S)-2-(2-Hydroxyethyloxymethyl)-4-mercapto-1 -(4-nitrobenzyloxycarbonyl)pyrrolidine (520 mg) was 
obtained by reacting (2S,4S)-4-acetylthio-2-(2-hydroxyethyloxymethyl)-1-(4-nitrobenzyloxycarbonyl)- 
pyrrolidine (640 mg) with a 28% solution of sodium methoxide in methanol (0.5 ml) in substantially the 
same manner as that of Preparation 31-1). 

IR (Neat) : 3400. 1685-1710. 1605 cm"' 

NMR (CDCb. 6) : 3.1-3.4 (1H, m). 3.4-3.8 (6H. m). 3.9-4.3 (3H, m), 5.21 (1H, m). 7.52 (2H, d. J=9Hz) 
8.29 (2H, d. J=9Hz) 

Preparation 39-2) 

(2S,4S)-2-(2-Carbamoyloxyethyloxymethyl)-4-mercapto-1 -(4-nitrobenzyloxycarbonyl)pyaolidine (910 mg) 
was obtained by reacting (2S,4S)-4-acetylthio-2-(2-carbamoyloxy thyloxymethyl)-1 -(4-nitrobenzy loxyca- 
rbonyl)pyrrolidine (1.19 g). with a 28% solution of sodium methoxide in methanol (0.83 ml) in substantially 
the same manner as that of Preparation 31-1). 
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IR (Neat) : 33003400. 1670-1720. 1600 cm" 1 

NMR (COCb. 5) : 3.0-3.4 (2H, m), 3.5-3.8 (4H t m). 3.9-4.3 <4H, m), 5.22 (2H, s), 7.53 (2H, d. J=9Hz), 
8.29 (2H, d, J = 9Hz) 

5 Preparation 40 

To a solution of (2S.4R)-2-acetylthiomethyl-4-t-butyldimethylsilyloxy-1 -(4-nitrobenzyloxycarbonyl)- 
pyrrolidine (1 g) in methanol (10 ml) was added 28% sodium methoxide-methanol solution (0.45 ml) with 
stirring under ice-cooling and the mixture was stirred at the same temperature for 10 minutes. To the 
70 reaction mixture was dropwise added epichlorohydrin (0.22 ml) and then the mixture was stirred at ambient 
temperature for 2 hours. The reaction mixture was evaporated in vacuo. The resulting residue was dissolved 
in ethyl acetate (40 ml) and the solution was washed with saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate and concentrated under reduced pressure. 

The resulting residue was subjected to a column chromatography on silica gel (50 g) eluting with a mixture 
is of n-hexane and ethyl acetate (2:1 v/v). The fractions containing the desired compound were collected and 
evaporated in vacuo to give (2S.4R)-4-t-butyldimethylsilyloxy-2-t(2,3-epoxypropyl)thiomethyl]-1-(4-nitroben- 
zyloxycarbonyl)pyrro!idine (0.61 g). 

IR (Neat) : 1710. 1610. 1525. 1350. 1260 cm" 1 

NMR (CDCI 3 , 5) : 0.06 (6H. s). 0.86 (9H, s). 1.90-2.20 <2H. m). 2.45-3.30 (7H, m), 3.45-3.65 (2H. m). 
20 4.10-4.60 (2H, m), 5.27 (2H. s). 7.55 (2H. d. J = 9Hz), 8.37 (2H, d. J =9Hz) 

Preparation 41 

A solution of (2S. 4R)-4-t-butyldimethylsilyloxy-2-[(2.3-epoxypropyl)thiomethyl]-1-(4-nitrobenzyloxycar- 
25 bonyl)pyrrolidine (2.59 g), sodium azide (0.52 g) and ammonium chloride (0.43 g) in N.N-dimethylformamide 
(26 ml) was stirred at 80-90 "C for 2 hours. The reaction mixture was poured into ice-water (100 ml) and 
extracted 3 times with ethyl acetate (40 ml). The extract was washed with saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate and evaporated in vacuo. The resulting residue was 
chromatographed on silica gel (100 g) eluting with a mixture of n-hexane and ethyl acetate (3:1 v/v). The 
30 fractions containing the desired compound were collected and evaporated in vacuo to give (2S,4R)-2[(3- 
azido-2-hydroxypropyl)thiomethyl]-4-t-butyldimethylsilyloxy-1 -(4-nitrobenzyloxycarbonyl)pyrrolidine (1 .95 g). 
IR (Neat) : 2110, 1740, 1710-1700, 1680-1665, 1610. 1525, 1350, 1255 cm" 1 

Preparation 42 

35 

To a solution of (2S,4R)-2-[(3-azido-2-hydroxypropyl)thiomethyl]-4-t-butyldimethylsilyloxy-1-(4-nitroben- 
zyloxycarbonyl)pyrrolidine (1.94 g) in pyridine (6 ml) was added triphenylphosphine (1.55 g) and the mixture 
was stirred at ambient temperature for 1 hour. To the reaction mixture was added cone, ammonia (0.50 ml) 
and the mixture was allowed to stand overnight at ambient temperature. The reaction mixture was 

40 concentrated under reduced pressure. The resulting mixture was dissolved in ethyl acetate (40 ml) and the 
solution was washed with saturated aqueous sodium chloride, dried over magnesium sulfate and evaporated 
in vacuo to give (2S,4R)-2-[(3-amino-2-hydroxypropyl)thiomethyl]-4-t-butyldimethylsilyloxy-1-(4-nitroben- 
zyloxycarbonyl)pyrrolidine. The residue containing the compound obtained above was dissolved in a 
mixture of ethyl acetate and water (3:1 V/V, 40 ml). To the solution was dropwise added a solution of 4- 

45 nitrobenzyloxycarbonyl chloride (0.87 g) in tetrahydrofuran (3 ml) with stirring at 2-5 *C, keeping the pH 
between 9-10 with 1N sodium hydroxide. The mixture was stirred at the same temperature for 1 hour. The 
organic layer was separated, washed with saturated aqueous sodium chloride, dried over magnesium sulfate 
and evaporated in vacuo. The resulting residue was chromatographed on silica gel (100 g) eluting with a 
mixture of dichloromethane and acetone (9:1 v/v). The fractions containing the desired compound were 

so collected and evaporated in vacuo to give (2S.4R)-2-{3-(4-nitrobenzyloxycarbonyl)amino-2- 
hydroxypropyl}thiomethyl-4-t-butyldimethylsilyloxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (2.25 g). 
IR (Neat) : 1710-1700. 1610, 1525. 1350. 1260 cm" 1 

NMR (CDCb, 5) : 0.06 (6H. s). 0.86 (9H, s). 1.90-2.20 (2H, m), 5.15-5.30 (4H, m), 7.52 (4H. d. J = 8Hz), 
8.25 (4H. d. J = 8Hz) 

55 
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Preparation 43 

To a solution of 



hydrogen carton.* ^ SMrxM aVJaoos sMium c luralS^SSnS^SZ 
sulfate, and evaporated in vacuo lo oive (2S 4RI-2-[2-anoro,v-i n^i-. i n ' a '°" s ™9noS'um 
thi°rnethy,4-t-buty,dimethy^ 

" J=8Hz) R (CDC ' 3 ' ^ : (6H> (9H ' Sl 206 (3H ' d ' J = 3H2 >- 5 ' 15 - 530 <«* m), 8.22 (4H. d. 



Preparation 44 



25 



30 



45 



SO 



55 



<2S,4R)-2-[2-Acetoxy-3-^ 

n^robenzyloxycarbonyDpyrroiidine (1.94 g) was obtained by reacting (2S%R)-4.[2. a cetox V .3^4 nitr 

( mSq^ 0 " hydrOChloric acid < 054 m, > in substantially the same manner as that of ^S^S 
(CDCI,. 5) : 2.06 (3H, s). 5.15-5.35 (4H. m). 7.40-7.60 (4H. m). 8.21 (4H. d! J = 8Hz) 

Preparation 45 

(2S.4S)-2-[2-AcetoxyO-(4-nHrobenzyloxycarbonyl)a m inopropyl]thiomethyl-4-ben Z oylthio-1-(^ 
n.trobenzyloxycarbonyljpyrrolidine (1.51 g) was obtained by reacting (2S.4R)-2-r2-acetoxv 3-f4-nitr Qbe n 

Sacfd m ,n° SP u " 9 (1 : 10 9)> di9thy ' ^^y'^ (066 ml) LcessfvSy and then with thiobenzoc 
S-acid (0.50 ml) .n substantially the same manner as that of Preparation 4 iniooenzoic 

£&.Z?™ om ,4H ' m,: 74 °-™ ™ m >- ™ «»• * 

Preparation 46 

(2S,4S)-2-[2-Hydroxy-3-(4-nitrobenzyloxycarbonyl)aminopropyl]thiomethyl-4-mercapto-1-(4- 
n.trobenzyloxycarbonyl) pyrrolidine (0.49 g) was obtained by reacting (2S.4S)-2-r2-acetoxv-3-(4-nitr 0 ben 

28 A sod.um methox.de-methanol so.ut.on (0.81 ml) in substantially the same manner as that of Preparation 

m> (9H ' m> - 37 °- 4 - 25 < 3H - m) ' 522 <«■ * — OH. 

Preparation 47 

Lin », . CCeSS,Vely 3dded trieth y ,amine <0-82 ml) and methanesulfonyl chloride (0.42 rJ) unde ice 
cooling with stoning, and the mixture was stirred at the same temperature for 1 hour The reac on mexture 
was washed w,th saturated aqueous sodium chloride, dried over «Uvto^«n^^lSrlS 

IR (Neat) : 1705. 1690. 1610. 1530, 1350 cm' 1 
Preparation 48 

nhJ^ 4R i^ HydrOXy * 2 ™^ (1 57 Q) was 

obtained by reactmg (2S.4R)wM-butyldimeth y lsilyloxy-2-me m anesulfonW^ 

E£?S£S£Z 9> ^ ^ hydrOChl ° riC ^ ( °- 73 m,) 
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IR (Neat) : 1760-1750, 1710-1690, 1640. 1605, 1515 cm H 
Preparation 49 

5 (2S,4R)-2-Methanesulfonylaminome 

(1.63 g) was obtained by reacting (2S,4R)-4-hydroxy-2-methanesuifonylaminomethyl-1-(4-nitrobenzyloxyca- 
rbonyl)pyrrolidine (1.62 g) with methanesulfonyl chloride (0.37 ml) in subatantially the same manner as that 
of Preparation 25-1). 

NMR (CDCh. 5) : 2.00-2.70 (2H, m), 2.92 (3H, s), 3.03 (3H, s). 5.25 (2H, s), 7.55 (2H, d. J=8Hz), 8.25 
io (2H, d, J = 8Hz) 

El MS : 277 (M + -174) 

Preparation 50 

75 To a suspension of sodium borohydride (0.5 g) in tetrahydrofuran (30 ml) was dropwise added boron 
trifluoride etherate (5.8 ml) under ice-cooling. After 30 minutes, a solution of (2S.4R)-2- 
(carbamoylmethyloxymethyl)-4-methanesulfonyloxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (2.40 g) in 
tetrahydrofuran (10 ml) was added to the mixture under ice-cooling, and the mixture was stirred under the 
same condition for 2 hours and at ambient temperature for 18 hours. The mixture was concentrated under 

20 reduced pressure to give a residue. The residue was stirred in a mixture of concentrated hydrochloric acid 
(4 ml) and methanol (40 ml) at ambient temperature for 16 hours, and evaporated under reduced pressure 
to give a syrup. To a solution of the syrup in tetrahydrofuran (30 ml) were added triethylamine (1.2 ml) and 
methanesulfonyl chloride (0.5 ml) in turn under ice-cooling. After stirring for 1 hour, the reaction mixture was 
poured into a mixture of ethyl acetate (150 ml) and water (100 ml). The organic layer was dried over 

25 magnesium sulfate and concentrated under reduced pressure to give a syrup. The syrup was subjected to a 
column chromatography on silica gel (30 g) and eluted with a mixture of methanol and chloroform (3:97 V/V) 
to give (2S,4R)-2-[2-(methanesulfonylamino)ethyloxymethyl]-4-methanesulfonyloxy-1-(4-nitrobenzyloxycar- 

bonyl)pyrrolidine (1 .30 g). 

IR (Neat) : 1705-1685, 1605 cm" 1 
30 NMR (CDCh, 5) : 2.96 (3H, s), 3.03 (3H, s), 5.23 (2H, s), 7.48 (2H. d, J = 8.5Hz), 8.18 (2H, d, J = 8.5 Hz). 

Preparation 51-1) 

(2S.4S)-4-Acetylthio-2-methanesulfonylaminomethyl-1-(4-nitrobezyloxycarbonyl)pyrrolidine (1 .16 g) was 
35 obtained by reacting (2S.4R)-2-methanesulfonylaminomethyl-4-methanesulfonyloxy-1-(4-nitrobenzyloxyca- 
rbonyl)pyrrolidine (1.61 g) with potassium thioacetate (0.81 g) in substantially the same manner as that of 
Preparation 30-1). 

NMR (CDCb, 5) : 1.50-2.20 (2H,m), 2.33 (3H, s), 2.92 (3H, s), 3.10-3.60 (3H, m). 3.70-4.25 (3H, m), 5.23 
(2H, s), 7.55 (2H. d. J =9Hz) 8.22 (2H, d, J = 9Hz) 

40 

Preparation 51-2) 

(2S 4S)-4-Acetylthio-2-[2-(methanesulfonyiamino)e^ 
(0 80 g) was obtained by reacting (2S.4R)-2-[2-(methanesulfonylamino)ethyloxymethyll-4- 
45 methanesulfonyloxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (1.28 g) with thioacetic S-acid in substantially 
the same manner as that of Preparation 30-1). 
IR (Neat) : 1705-1685. 1605 cm" 1 

NMR (CDCb. S) : 2.33 (3H, s), 2.96 (3H, s). 5.20 (2H t s). 7.48 <2H. d. J = 8.5Hz). 8.18 (2H, d. J =8.5Hz) 
so Preparation 52-1) 

(2S.4S)-4-Mercapto-2-methanesulfonylaminomethyl-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (0.72 g) was 
obtained by reacting (2S,4S)-4-acetylthio-2-methanesulfonylaminomethyl-1-(4-nitrobenzyloxycarbonyl)- 
pyrrolidine (1.15 g) with 28% sodium methoxide-methanol solution (0.61 ml) in substantially the same 
55 manner as that of Preparation 31-1). 

NMR (CDCb. 5) : 1.50-2.05 (2H. m). 2.40-2.80 (1H. m). 2.95 (3H. s). 3.00-3.75 (4H. m). 3.80-4.25 (2H. 
m) 5.25 (2H. s). 7.56 (2H. d. J =9Hz) f 8.30 (2H. d. J =9Hz) 
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Preparation 52-2) 

s nitrobenzyloxycarbonyOpyrrolidin (5.79 g) with 28% sodiS t ^^^^^o^eth^.^ 
the sam manner as that of Preparation zl™ methox,de-methanol solution in substantially 

IR (Neat) : 1705-1685, 1605 cm"' 

NMR (CDC.,. 5) : 2.96 (3H. s), 5.21 (2H. S ). 7.48 (2H. d. J=8.5Hz), 8.20 (2H. d. J = 8.5Hz> 

io Preparation 53 

Phos^sty^^^ 00 mo was dropwise added 

minutes. To L mixture was a^ed a scl^on of T" " the same Mature for 30 

nitroben 2y ,oxycarbon y „ P yrro«idine (2.30 g in 

same temperature for 30 minutes. The mixture was dr OD wi*« . ' Sd by St ' rrin 9 at the 

at 0 - 10-C with stirring. The mixture was slZl * 1? ° concentrated a ™°n* water (30 ml) 

evaporated under reduced press^gTS mature SL^ST C ° nd,ti ° n 2 h ° UrS ' ^ahydrofuran was 
3). The ethy. acetate layer was drieJ ^ o^ maSl^i Z T*" W ' th 8thy ' aCe,ate < 50 ml - 
give a syrup. The syrup was subjected to TSZnTh ! concentrated under reduced, pressure to 
mixture of methanol ch,orofo£ IVt ^^S^^^ 9> "* ^ * 

(4-nitroben Z ylox y carbonyl) P yrrolidine (1.43 g). (2S ' 4R )- 2 -< carbam oy>methyloxymethyl)-4-hydroxy-l- 



rs 



20 



mp : 131-133'C 
IR (Nujol) : 1705-1685 cm" 1 



E! MS : 295 (M*-58), 278 (M + -75), 265 (M+-88) 



30 Preparation 54 



35 



40 



45 



ethe^ (S^ 5 in" frS^ ST^S* iHn^ ^ — ^ — 
temperature for 30 minutes. To the mixture was added . soluton of (2S "rT'SZ f *" Mme 

4-hydroxy.1-(4-nitrobenzyloxycarbonyl)pyrrolidine (1 40 a) touZtoZS ( , V lmeth y ,0 *y m *W)- 
mixture was stirred at 0 - 10'C for 3 ho, ,« ! . J 5 tetrah y dr ok"an (3 ml) at 0 - 10'C. The 

added to the reaction mixture a^ 0 1 0 -C Ater 2 ^TlZ^T (, ° m '> was 

was concentrated under reduced pressure to oive TZ'J J "! filtered ° ff and me 

concentrated hydrochloric acid (3 m^d ^^^^^ T' 0 " °' ^ reS ' dUe in 3 mbrture ° f 

The mixture was concentrate un*r^«^irm 2.T * ambi6nt lem P erature f °' 20 hours, 

acetate (30 ml, was extracted with IN %£5*£Z £<£ V^n?- S ° ,Uti0n i 0f ^ ^ ° thyl 
PH 10 with aqueous sodium hydroxide and e^Jrt ^XZtot m STT^T ^ «° 
dried over magnesium sulfate and concentrated .,nri«r rJZ-Z* h 6 0rganic soluti °n was 

subjected to a column chromatograph^ ^^7(^1^7^ ^ ' ^ ^ Syrup was 
chloroform (5:95 and then 1 0:90 ? X) to afve %i 4 R f 2 ,? 1 I f 3 miXtUr8 of methano1 and 
nzyloxycarbonyOpyrrolidine (1 13 g) (2S ' 4R >- 2 -< 2 - amin oeth y iox y methyl).4-hydrox y -1-(4-nitrobe- 



IR (Neat) : 3500-3050, 1705 cm" 
NMR (CDC.3. «) : 5.21 (2H, s). 7.48 (2H. d. J = 8.5Hz). 8.18 (2H. d, J = 8.5Hz) 
so Preparation 55 



55 



y carbon y i chloride (0.85 a) in tetrahvdrah.ran i± L>, "1 d 3 so,ut,on of 4-nitrobenz y iox- 
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of methanol and chloroform (2:98 V/V) to give (2S.4RH-hydroxy-1.(4-nitrobenzyloxycarbonyl).2-r2-(4- 
nitroben2yloxycarbonylamino)ethyloxymethyl]pyrrolidine (0.88 g). 
IR (Nujol) : 1710-1685 cm"' 

Preparation 56 

To a solution of (2S,4R)-4-hydroxy-1-(4-nitro^ 

ethyloxymethyl]pyrrolidine (0.87 g) and triethylamine (0.35 ml) in a mixture of tetrahydrofuran (5 ml) and 

dichloromethane (10 ml) was dropwise added a solution of methanesulfonyl chloride (0.16 ml) in dich- 

loromethane (2 ml) with stirring at 0 - 5 • C and the mixture was stirred at 0 - 5 • C for 30 minutes. The 

reaction mixture was washed with water (20 ml), dried over magnesium sulfate and concentrated under 

reduced pressure to give a syrup. The syrup was subjected to a column chromatography on silica gel (20 

g) and eluted with a mixture of methanol and chloroform (1:99 V/V) to give (2S,4R)-4-methanesulfonyloxy-i- 

(4-nitrobenzyloxycarbonyl)-2-[2-(4-nitroben2yloxycarbonylamino)ethyloxymethyl]pyrrolidine (0 92 g) 
IR (Neat) : 1 725-1 700 cm"' 

NMR (CDCI 3 . 5) : 2.2-2.6 (2H, m), 3.02 <3H. s), 3.2-4.3 (9H. m), 4.9-5.4 (6H, m), 7.45 (4H d J = 8 5Hz> 
8.16 (4H, d, J = 8.5Hz) * 

Preparation 57-1) 

(2S,4R)-4-Methanesulfonyloxy-1-(4-nitrobenzyloxycarbonyl)-2-[2-(4-nitrobenzyloxycarbonylamino)- 
ethyloxymethyljpyrrolidine (1.80 g) was obtained by reacting (2S ( 4R)-2-(carbamoylmethyloxymethyl)-4- 
methanesulfonyloxy-1-(4-nitrobenzyloxycarbonyl(pyrrolidine (3.60 g) with a mixture of sodium borohydride 
(0.75 g) and boron trifluoride etherate (8.7 ml), concentrated hydrochloric acid (6 ml), and 4-nitrobenzylox- 
ycarbonyl chloride (2.1 g) successively in substantially the same manners as that of Preparation 10 

IR (Neat) : 1725-1700 cm" 1 

NMR (CDCI3, 5) : 2.2-2.6 (2H, m), 3.02 (3H, s) ( 3.2-4.3 (9H, m). 4.9-5.4 (6H, m), 7.45 (4H, d J = 8 5Hz) 
8.16 (4H, d, J = 8.5Hz) 

Preparation 57-2) 

(2S,4R)-2-[{1,1-Dimethyl-2-(4-nitrobenzyloxycarbonylamino)ethyl}oxymethyl]-4-methanesulfonyloxy-1- 
(4-nitrobenzyloxycarbonyl)pyrrolidine (1.78 g) was obtained by reacting (2S.4R)-2-(1 -carbamoyl- 1- 
methylethyl)oxymethyl-4-methanesulfonyloxy-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (1.60 g> with a mixture 
of sodium borohydride (0.34 g) and boron trifluoride etherate (3.25 ml) and then with 4-nitrobenzyloxycar- 
bonyl chloride (0.75 g) in substantially the same manners as those of Preparations 7 and 8 

IR (Neat) : 1725-1700. 1605 cm" 1 

NMR (CDCI3, 5) : 1.12 (6H. s), 3.06 (3H, s), 5.20 (2H, s). 5.23 (2H, s) 
Preparation 58-1) 

A solution of (2S,4R)-4-methanesulfonyloxy-1-(4-nitrobenzyloxycarbonyl)-2-[2-(4-nitrobenzyloxycar- 
bonylamino)ethyloxymethyl]pyrrolidine (0.90 g) in dimethylformamide (2 ml) was added to a reaction 
mixture of thioacetic S-acid (0.16 ml) and sodium hydride (62.8% in oil suspension) (0.07 g) in dimethylfor- 
mamide (9 ml) in a nitrogen stream and the mixture was heated at 70 - 75 • C for 6 hours. The mixture was 
poured into water (100 ml), extracted with ethyl acetate (50 ml x 2), dried over magnesium sulfate and 
concentrated under reduced pressure to give a syrup. The syrup was subjected to a column chromatog- 
raphy on silica gel (20 g) and eluted with chloroform to give (2S,4S)-4-acetylthio-1-(4-nitrobenzyloxycar- 
bonyl)-2-[2-(4-nitrobenzyloxycarbonylamino)ethyloxymethyl]pyrrolidine (0.60 g). 

IR (Neat) : 1725-1685 cm" 1 

NMR (CDCI3, 5) : 2.30 (3H, s) 

Preparation 58-2) 

Crude product of (2S,4S)-4-acetylthio-2-[{1 ,1 -dimethyl-2-(4-nitrobenzyloxycarbonylamino)- 
ethyl}oxymethylh1-(4-nitrobenzyloxycarbonyl)pyrrolidine (1.77 g) was obtained by reacting (2S.4R)-2-[{1,1- 
dimethyl-2-(4-nitrobenzyloxycarbonylamino)ethyl}oxymethyl]-4-methanesulfonyloxy-1-(4- 
nitrobenzyloxycarbonyl)pyrrolidine (1.77 g) with thioacetic S-acid in substantially the same manner as that of 
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Preparation 58-1). 

IR (Neat) : 1720-1690. 1605 cm"' 

NMR (CDCfe. 6) : 1.13 (6H ( s), 2.31 (3H, s) 

5 Preparation 59-1) 

To a solution of (2S,4S)-4-acetylthio-1-(4-nitrobenzyloxycarbonyl)-2-[2-(4-nitrobenzyloxycarbonylamino)- 
ethyloxymethyl]pyrrolidine (0.59 g) in a mixture of methanol (12 ml) and tetrahydrofuran (12 ml) was added 
sodium methoxide (28% solution in methanol) (0.25 ml) at -20 ~ -10* C in a nitrogen stream and the 

70 mixture was stirred at the same condition for 1 hour. To the mixture was added glacial acetic acid (0.1 ml) 
at -10 ~ 0*C. The mixture was concentrated under reduced pressure to give a residue. The residue was 
dissolved in ethyl acetate (20 ml). The solution was washed with water (20 ml), dried over magnesium 
sulfate and concentrated under reduced pressure to give a syrup. The syrup was subjected to a column 
chromatography on a silica gel (10 g) and eluted with a mixture of acetone and chloroform (5:95 V/V) to 

75 give (2S,4S)-4-mercapto-l-(4-nitrobenzyloxycarbonyl)-2-[2-(4-nitrobenzyloxycarbonylamino)ethyloxymethyl]- 
pyrrolidine (0.46 g). 

IR (Neat) : 1725-1690 cm" 1 

Preparation 59-2) 

20 

(2S ( 4S)-2-[{1,1-Dimethyl-2-(4-nitrobenzyloxycarbonylamino)ethyl}oxymethyl]-4-mercapto-1-(4- 
nitrobenzyloxycarbonyl)pyrrolidine (0.71 g) was obtained by reacting (2S,4S)-4-acetylthio-2-[{1 ,1-dimethyl-2- 
(4-nitrobenzyloxycarbonylamino)ethyl}oxymethyl]-1-(4-nitrobenzyloxy carbonyl)pyrrolidine (2.00 g) with 28% 
sodium methoxide-methanol solution (0.75 ml) in substantially the same manner as that of Preparation 59- 

25 1). 

IR (Neat) : 1725-1680. 1605 cm" 1 
NMR (CDCI3. 5) : 1.13 (6H, s) 

Preparation 60 

30 

To a solution of (2S, 4R)-2-aminomethyl-4-t-butyldimethylsiiyloxy-1-(4-nitrobenzyloxycarbonyl)- 
pyrrolidine (8.43 g) in dichloromethane (80 ml) were added t-butoxycarbonylglycine (3.61 g) f 1 -hydroxyben- 
zotriazole (2.78 g) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (3.95 g) under ice- 
cooling. The mixture was stirred under ice-cooling for 1 hour and at ambient temperature for 15 hours. The 

35 solution was washed with water (80 ml), saturated aqueous sodium hydrogen carbonate (80 ml), and brine 
(80 ml) successively, dried over magnesium sulfate, and concentrated under reduced pressure to give a 
syrup. The syrup was subjected to a column chromatography on silica gel (80 g) and eluted with a mixture 
of methanol and chloroform (2:98 v/v) to give (2S. 4R)-4-t-butyldimethylsilyloxy-2-[(t-butoxycarbonylamino)- 
methylcarbonyl]aminomethyl-1 -(4-nitrobenzyloxycarbonyl)pyrrolidine (9.07 g). 

40 IR (CHCI3) : 3330, 1720-1660 cm" 1 

NMR (CDCI3, 5) : 0.03 (6H, s), 0.85 (9H, s), 1.58 (9H, s). 7.52 (2H, d, J = 7.5Hz). 8.92 (2H, d, J = 7.5Hz) 

Preparation 61 

45 To a solution of (2S, 4R)-4-t-butyldimethylsilyloxy-2-[(t-butoxycarbonylamino)methylcarbonyl]- 

aminomethyl-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (9.05 g) in tetrahydrofuran (90 ml) was added a 1M 
solution (31.9 ml) of tetrabutylammonium fluoride in tetrahydrofuran at 0~10*C. The mixture was stirred at 
0~10* C for 1 hour and at ambient temperature for 3 hours. The mixture was poured into a mixture of water 
(100 ml) and ethyl acetate (200 ml). The organic layer was separated, dried over magnesium sulfate and 

so concentrated under reduced pressure to give a syrup. The syrup was subjected to a column chromatog- 
raphy on silica gel (80 g) and eluted with a mixture of methanol and dichloromethane (3:97 v/v) to give 
(2S,4R)-2-[(t-butoxycarbonylamino)methyicarbonyl]amm^ 
pyrrolidine (5.32 g). 

IR (CHCI3) : 3400-3200, 1710-1740 cm" 1 

55 NMR (COCI 3 . 5) : 1 .43 (9H, s) 
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Preparation 62 



A so.ution or 08. ^(^^^ 
zy.oxycarbonyopyrro.idin (5.30 g, in a mixtu e ^^^^ pressure ,o give (28. 4R,-2- 
at ambient temperature for 1 hour. The mixture 5 , M . bony , )pyrr0 |i d i ne . To a solution of the 
( aminomethy.carbonyl)aminom e thyW-hydroxy- - ^^^SS^i^ was added a solution of 
compound obtained above -in a ^O^C Sg the P H between 4-5 with concentrated 

potassium cyanate (4.75 g) in water (15 mi) ai u u , jve ^ aque0 us solution. The aqueous 

hydr och.oric acid. was ^^J^J^J^i t0 J column chromatography on 

, 0 solution was adjusted to pH 6.0 wrf M n y ^ ^ a Qf meth , 

nonionic adsorption resin. Diaion HP 20 (&u CQ moound were collected, concentrated under 



, 5 mp : 167-169 -C 

|R (Nujol) : 3500-3200. 1685, 1660, 1640 cm" 
MS: 395 (M + ), 369 (M + -26), 300 

Preparation 63 



To a suspension of sodium borohydride (1 * I J, ^^^^^^^^ 
etherate (4.49 ml) in a nitrogen ^ w-th stirr ng a < ^ 

for 30 minutes. To the mixture was added a solution of * y jrred at 0 ^ 5 . c for 1 

<ureidomethy.carbony.)aminomethy^ tf « 0^ mjxture at Q ^ l0 . c . 

2S hour and at ambient temperature overn.gh Ethanol (30 concentrated under reduced 

After stirring for 2 hours, insoluble material was filtered ott ^™ ^ hydr0 ch.oric acid (2.9 ml ) 

pressure to give a residue. A solution of the rescue ^^^"^^2^. w- concentrated under 
and methanol (29 ml) - ^ at amb^ 

reduced pressure to 9've (2S ^ h ^^ pound obt ained above in a mixture of water (20 ml) and 
30 pyrrolidine hydrochlonde To a solution o the ^"P 0 " 4-nitrobenzyloxycarbonyl chloride (1.60 g) in 
tetrahydrofuran (20 ml) was added a solution ot * i it y y concentrated hydr ochloric 
tetrahydrofuran (5 ml) under ice-cool.ng^ organic layer was washed with 

2yloxycarbonyl)-NH2-ureidoethyl)aminolmethylpyrroi.d.ne (1 .78 g). 
|R (CHCI3) : 3500-3200, 1705-1650 cm 1 



40 Preparation 64 



45 



50 



55 



TT^rfon of (2S. 

ureidoethyDamino^ethylpyrrolidine , (^75 g in ^™£*^Z^Z at ambienUemperature for 
ml) at 0-10 'C. The mixture was st.rred at the ^ " d ^ , acetate (100 ml). The organic 

15 hours. The mixture was poured into ^J^.^^^ 1 ^^^^ hydrogen carbonate (100 
.ayer was washed in turn with IN hydrochloric acid I 0« i ml ^^^^ to give a 

mO and brine (100 ml), dried over magnesium sulfate .and ' ^"^^-7^ elu P ted wit h a mixture 
sylup. The syrup was -bie^ 

'££ ^T^" « (4H. S, 7.4S (4H. d. , = 7, Hz). B.20 (4H. d. , = 7.5 H Z ) 
Preparation 65 

. ♦«„ of <2S 4RV2-[N-{2-(cyanoamino)ethyl}-N-(4^iUoben Z yloxycartonyl)aminomethyljj4- 
To a solution of (25. w) V w ^,. rtiM ,, » n \ ■„ acetone (30 ml) was added oxalic 
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ml), dried over ma^esium ^^2T (5 ° n " X 2,1 Water (S0 ml > — ^rine (50 

was sheeted to a'co.uZ ZLTgr^oTTa X^T^^T ^ ^ ^ S ™ 
5 chloroform (2:98 v/v) to oive <2S iSS^nZhZ^ <? , 9) * 3 m,Xture of methanol and 

-V-oxycaro^ 

IR (CHCI,) : 3500-3200. 1710-1670 cm- 9> ' 

NMR (CDCfe. 5) : 3.03 (3H. s). 5.21 (4H. s). 7.52 (4H. d. J = 7.5 Hz). 8.22 (4H. d. J = 7.5 Hz). 
'0 Preparation 66 

NMR (CDCI3. S) : 2.32 (3H. s). 5.20 (4H. S ). 7.52 (4H. d. J = 7.5 Hz). 8.25 (4H. d. J = 7.5 Hz). 
Preparation 67 

20 

NMR (CDCb . 5) : 7.54 (4H. d. J = 7.5 Hz). 8.25 (4H. d. J = 7.5 Hz) 

Example 1 



30 



3S 



J?HHt N 2 HO H H 



40 



COOPNB 




f P1 »-CH 2 -^-N0 2 
45 ^PNZ-COOCH 2 -Q-N0 2 



SO 



55 



oxop^ntanoatX 9 iT?S5SS^2^ 3S)^ { (iRH- hy d ro x ye th y . } -4.oxoa 2 etid i n-2- y , ] -3- 

After refluxing LinZmm^I^J^ ?!? ' Mm ^ acetate < 2 m 9> under refluxing. 

The residue was dissoTve^n ^ eVaPOrated ,n V3CU0 t0 a resid "' 

once again and the residue w^lt^^ repeated 
methyl-3.7-dioxo-l-azabicvclof3 2nihant a n a ^nwooenzyi (4R.5R.6S)-6-[(1R)-i-hydroxyethylM- 

anhydrous acetonitnTe ( O' S ^ and coS to 0 ^ ^ ™° C ° mP ° Und above was disso1 ^ «" 

added N.N-diisopropy.^ 0f nitro 9en. To this solution were 

and the solution wal is^eTa^^ \ t £ P hos P horochl ° ri <tote (0.28 ml) successively. 
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70 



was continued at the same temperature for 2 hours. To the reaction mixture was added ethyl acetate (30 
ml). Th solution was washed twice with saturated aqueous sodium chloride (20 ml), dried over anhydrous 
magnesium sulfate and evaporated. The oily residue was chromatographed on silica gel (60 g) eluting with 
a mixture of dichloromethane and acetone (5:1, V/V) to give 4-nitrobenzyl(4R,5S,6S)-3-[(2S.4S)-2- 
(difluoromethyl)thiomethyl-H^ 

7-0x0-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylate (0.58 g). 

IR (Nujol) : 1770. 1760. 1710. 1690, 1610. 1525. 1350 cm -1 

NMR (CDCb. 5) : 1.30 <3H. d. J = 7Hz), 1.35 (3H. d. J = 7Hz). 170-2.10 (2H. m). 5.15-5.50 (4H. m), 6.80 
(1H. t, J = 56Hz), 7.53 (2H, d. J=8H 2 ). 7.65 (2H. d, J=8Hz). 8.37 (4H. d. J=8Hz) 

Example 2 



HO 

75 f H H 



20 



£0 



C0OPNB - n 

C00PNB 




SCE^CONH. 



N 



COOPNB 



PN2 



25 



30 



35 



40 



45 



To a solution of 4-nitrobenzyl (4R)-2-diazo-4-[(2R,3S)-3-{(1 R)-1-hydroxyethyl}-4-oxoazetidin-2-yl]-3-ox- 
opentanoate (0.4 g) in 1 ,2-dichloroethane was added rhodium(ll) acetate (1 mg) under refluxing. After 
refluxing for 1 hour, the reaction mixture was cooled and evaporated in vacuo to give a residue. The residue 
was dissolved in anhydrous benzene (10 ml) and then evaporated in vacuo. This operation was repeated 
once again and the residue was dried in vacuo to give 4-nitrobenzyl (4R,5R.6S)-6-{(1 R)-1-hydroxyethyl]-4- 
methyl-3,7-dioxo-1-azabicyclo[3.2.0]heptane-2-carboxylate. The compound obtained above was dissolved in 
anhydrous acetonitrile (10 ml) and cooled to 0*C under an atmosphere of nitrogen. To this solution were 
added N,N-diisopropyl-N-ethylamine (0.21 ml) and diphenyl phosphorochloridate (0.22 ml) successively, 
and the solution was stirred at 0 • C for 40 minutes. To the resulting solution were added dropwise a solution 
of (2S,4S)-2-(carbamoylmethyl)thiomethyl-4-mercapto-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (0.45 g) in 
N,N-dimethylformamide (3 ml) and N,N-diisopropyl-N-ethylamine (0.21 ml) at 0-2 'C with stirring and the 
stirring was continued at the same temperature for 2 hours. To the reaction mixture was added ethyl acetate 
(30 ml). The solution was washed 3 times with saturated aqueous sodium chloride (20 ml), dried over 
anhydrous magnesium sulfate and evaporated in vacuo to give a residue. The residue was chromatog- 
raphed on silica gel (60 g) eluting with a mixture of dichloromethane and acetone (1:1, V/V). The fractions 
containing the desired compound were collected and evaporated in vacuo to give 4-nitrobenzyl (4R.5S.6S)- 
3-{(2S.4S)-2-(carbamoylmethyl)thiomethyl-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-4-ylthio]-6-[(1R)-1- 
hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo(3.2.0]hept-2-ene-2-carboxylate(0.44 g). 

IR (Nujol) : 1760, 1710-1700, 1690-1670. 1610. 1540-1515 cm" 1 

NMR (CDCI 3 . 5): 1.26 (3H. d. J = 7Hz), 1.35 (3H, d. J = 7Hz), 1.55-2.10 (6H, m). 3.20 (2H, s), 3.20-3.50 
(3H. m). 3.85-4.40 <4H, m), 5.10-5.70 (4H, m). 7.53 (2H. d. J=7Hz). 7.65 (2H, d, J = 7Hz), 8.24 (4H. d. 
J = 7Hz) 
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Example 3 



5 



10 




A mixture of 4-nitrobenzyl (4R,5S,6S)-3-{(2S,4S)-2-(difluoromethyl)thiomethyl-1-(4-nitrobenzyloxycar- 

75 bony1)pyrrolidin-4-ylthio]-6-[(1^ 

(0.58 g), 20% palladium hydroxide on carbon (0.5 g). 0.05 M phosphate buffer (pH 6.3, 18 ml) and 
tetrahydrofuran (18 ml) was stirred at ambient temperature for 4 hours under atmospheric pressure of 
hydrogen. After the catalyst was filtered off, the filtrate was concentrated under reduced pressure to remove 
the organic solvent. The resulting aqueous residue was washed with ethyl acetate (10 ml x 2) and the 

20 aqueous layer was concentrated under reduced pressure to remove the organic solvent. The residue was 
chromatographed on nonionic adsorption resin "Diaion HP-20" (Trademark, made by Mitsubishi Chemical 
Industries) (20 ml) eluting in turn with water (80 ml) and 6% aqueous acetone (80 ml). The fractions 
containing the desired compound were collected and lyophilized to give (4R,5S.6S)-3-[(2S,4S)-2- 
(difluoromethyl)thiomethylpyrrolidin-4-ylthio]-6-[1R)-1-hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept- 

25 2-ene-2-carboxylic acid (0.19 g). 
mp : >165 # C (dec.) 

IR (Nujol) : 1 760, 1 590, 1 1 80, 1 1 50 cm" 1 

NMR (D 2 0, 5) : 1.22 (3H, d. J = 7Hz), 1.28 (3H, d, J = 7Hz), 1.71-1.86 (1H, m), 2.74-2.95 (1H, m), 3.20 
(1H, dd, J = 10. 15Hz), 3.28-3.50 (3H, m), 3.69 (1H, dd, J = 8. 12Hz), 3.90-4.10 (2H, m), 4.18-4.30 (2H, m), 
30 7.11 (1H t t, J = 55Hz) 

SI Mass : 407 (M + ), 363 (M + -44) 

Example 4 




A mixture of 4-nitrobenzyl (4R t 5S,6S)-3-[(2S,4S)-2-(carbamoylmethyl)thiomethyl-1-(4-nitrobenzyloxycar- 
45 bonyl)pyrrolidin -4-ylthio]-6-[(1 R)-1 -hydroxyethyl]-4-methyl-7-oxo-1 -azabicyclo[3.2.0]hept-2-ene-2-carbox- 
ylate (0.42 g), 20% palladium hydroxide on carbon (0.4 g), 0.05 M phosphate buffer (pH 6.3, 20 ml), and 
tetrahydrofuran (20 ml) was stirred at ambient temperarure for 4 hours under atmospheric pressure of 
hydrogen. After the catalyst was filtered off, the filtrate was concentrated under reduced pressure to remove 
the organic solvent. The resulting residue was washed twice with ethyl acetate (20 ml) and the aqueous 
so layer was concentrated under reduced pressure to remove the organic solvent. The residue was chromatog- 
raphed on nonionic adsorption resin "Diaion HP-20" (Trademark, made by Mitsubishi Chemical Industries) 
(20 ml) eluting in turn with water (100 ml) and 5% aqueous acetone (100 ml). The fractions containing the 
desired compound were collected and lyophilized to give (4R ( 5S.6S)-3-[(2S,4S)-2-(carbamoylmethyl)- 
truomethy lpyrrolidin-4-ylthio]^(( 1 R)^ 
55 carboxylic acid (0.16 g). 

mp : 171-174' C (dec.) 

IR (Nujol) : 1750, 1670. 1580, 1150 cm" 1 

NMR (D2O. 5) : 1.21 (3H. d. J = 7Hz). 1.27 (3H. d, J = 7Hz). 1.45-2.00 (2H, m). 2.55-3.20 (5H, m), 3.39 
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(2H, s) 
Example 5 



w 



COOPOT + 



COOPOT 



PNZ 



COOPNB 



PN2 



is 



20 



25 



manner as that of Example 2. 



Example 6 



HO 



30 x^^^i—l^^^ COOPOT 



H f H H - 

XT* I 



0 

COOPOT 



H 




N 



COOPOT 



PHZ 



35 



40 



A M trrthen7vl MR 5S 6S)-6-[<1 R)-1 -hydroxyethyl]-4-methy|.3-[(2S,4S)-1 -(4-nitrobenzyloxycarbonyl)-2H{2- 

as that of Example 2. _ 
IR (Neat) :1 765-1 750, 1710. 1660-1.640, 1530-1510 cm 



45 



50 



55 
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(4R t 5S.6S)-6-[(1R)-1-Hydroxyethyl]-4-methyl-7-oxo-3-[(2S,4S)-2-{(3S)-pyrrolidin-3- 
15 yfthiomethyl}pyrrolidin-4-ylthio]-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid phosphate (61.4 mg) was 
obtained by hydrogenating 4-nitrobenzy) (4R,5S.6S)-6-[(1 R)-1 -hydroxyethyl]-4-methyl-3-[(2S 4S)-1 -(4- 
n.trobenzyloxycarbonyl)-2-[{(3S)-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-3-ylthio}methyl]pyrroN 
oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate (350 mg) in substantially the same manner as that of 
Example 4. 
20 IR (Nujol) : 1760-1740, 1580 cm" 1 

NMR (DaO, 5) : 1.22 (3H, d, J = 7Hz), 1.29 (3H, d, J = 7Hz). 1.46-1.95 (2H, m) 

Example 8 

25 



30 




35 ( 4R .5S.6S)-3-[(2S,4S)-2-{(2-Am^ 

7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid phosphate (0.04 g) was obtained by hydrogenating 4- 
nitrobenzyl (4R.5S.6S)-6-[(1 R)-1-hydroxyethyl].4-methyl-3-[(2S.4S)-1-(4-nitrobenzyloxycarbonyl)-2-[{2-(4- 
nitrobenzyloxycarbonylamino)ethylthio}methyl]pyrrolidin-4-ylthio]-7^xo-1-azabicycIo[3.2.0]hept-2-ene-2- 
carboxylate (0.20 g) in substantially the same manner as that of Example 4. 

40 mp : >178*C (dec.) 

IR (Nujol) : 1750, 1590-1580 cm" 1 

NMR (O2O. 5) : 1.22 (3H, d. J = 7Hz), 1.30 (3H, d. J = 7Hz), 1.45-1.95 (2H, m), 2.55-3.08 (5H m) 3 12- 
4.35 (9H, m) 

SI Mass : 402 (M + ) 
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Example 9 




C00PNB COOFNB FNZ 



4-Nitrobenzyl (4R,5S,6S)-3-[(2S,4S)-2-{N-carbamoylmethyl-N-(4-nitrobenzylo^ 
1 -(4-nitrobenzyloxycarbonyl)pyrrolidin-4-yl]thio-6-[(1 R)-1 -hydroxyethyl]-4-methyl-7-oxc~1-azabicyclo[3.2.0]- 
hept-2-ene-2-carboxylate (1.05 g) was obtained by reacting 4-nitrobenzyl (4R)-2-diazo-4-[(2R.3S)-3-{(1 R)-1- 
nydroxyethyl}-4-oxoazetidin-2-yl]-3-oxopentanoate (0.85 g) with rhodium(ll) acetate (1 mg), and then suc- 
cessively with diphenyl phosphorochloridate (0.47 ml) and (2S,4S)-2-[N-carbamoylmethyl-N-(4-nitroben- 
zyloxycarbonyl)]aminomethyl-4-mercapto-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (1.43 g) in substantially 
the same manner as that of Example 2. 

IR (Nujol): 1755, 1710-1700, 1610, 1520, 1350 cm' 1 

NMR (CDCb, 5): 1.24 (3H. d, J = 7Hz), 1.36 (3H, d. J = 7Hz), 3.15-3.46 (3H, m), 3.56-4.40 (12H, m), 5.12- 
5.50 (6H, m), 7.36-7.80 (6H, m), 8.24 (6H ( d, J = 8Hz) 

Example 10 




C00PNB COOFNB FNZ 



4-Nitrobenzyl (4R,5S,6S)-3-[(2S.4S)-2-(2-ureidoethyl)thiomethyl-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-4- 
yl]thio-6-[(1R)-1-hydroxyethyl]-4-methyl-7-oxo-l-azabicyclo[3.2.0]hept-2-ene-2-carboxylate (0.97 g) was ob- 
tained by reacting 4-nitrobenzyl (4R)-2-diazo-4-[(2R,3S)-3-{(1 R)-1 -hydroxy ethyl}-4-oxoazetidin-2-y I ]-3-ox- 
opentanoate (0.90 g) with rhodium(ll) acetate (1 mg), and then successively with diphenyl phosphoroch- 
loridate (0.50 ml) and (2S,4S)-4-mercapto-2-(2-ureidoethyl)thiomethyl-1-(4-nitrobenzyloxycarbonyl)-pyr- 
rolidine (1 .05 g) in substantially the same manner as that of Example 2. 

iR (Nujol): 1770, 1705, 1610, 1525, 1350 cm" 1 

NMR (CDCb, 5): 1.25 (3H, d, J=7Hz), 1.32 (3H, d, J = 6Hz), 3.10-4.38 (11H, m). 4.81 (2H, br s). 5.24 
(2H, s), 5.38 (2H. dd. J = 14, 29Hz), 7.56 (2H, d. J =8Hz), 7.68 (2H, d, J = 8Hz), 8.26 (4H. d, J = 8Hz) 

Example 11" 




COOFNB COOFNB FNZ 



4-Nitrobenzyl (4R,5S,6S)-3-[(2S.4S)-2-(carbamoylmethyl)oxymethyl-1-(4-nitrobenzyloxycarbonyl)- 
pyrrolidin-4-yl]thio-6-[(1R)-1-hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate (0.75 
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g) was obtained by reacting 4-nitrobenzyl (4R)-2-dia20-4-[(2R,3S)-3-{(1R)-1-hydroxyethyl}-4-oxoazetidin-2- 
yl]-3-oxopentanoate (0.62 g) with rhodium(ll) acetate (2 mg), and then successively with diphenyl 
phosphorochloridate (0.35 ml) and (2S.4S)-2-(carbamoylmethyl)oxymethyl-4-mercapto-1 -(4-nitrobenz- 
yloxycarbonyl)pyrrolidine (0.58 g) in substantially the same manner as that of Example 2. 

mp: 58 • - 64 "C 

IR (KBr): 1765, 1705-1675 cm' 1 

NMR (D2O, 5): 1.29 (3H. d. J = 6Hz), 1.36 (3H, d, J = 6.5Hz), 3.94 (2H. s). 7.45 (2H, d, J =8.5 Hz), 7.61 
(2H, d, J = 8.5Hz), 8.18 (4H, d, J =8.5Hz) 

Example 12 




(4R l 5S,6S)-3-[(2S l 4S)-2-{(N-Carbamoylmethyl)aminomethyl}pyrrolidin-4-ylthio]-6-[(1R)-1-hydroxyethyl]- 
4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid (0.30 g) was obtained by hydrogenating 4- 
nitrobenzyl (4R,5S,6S)-3-[(2S,4S)-2-{N-carbamoylmethyl-N-(4-nitrobenzyloxycarbonyl)}aminomethyl-1-(4- 
nitrobenzyloxycarbonyl) pyrroiidin-4-yl]thio-6-[(1 R)-1-hydroxyethyl]-4-methyl-7-oxo-1-azabicyclot3.2.0]hept- 
2-ene-2-carboxylate (1.03 g) in substantially the same manner as that of Example 4. 

mp: >188*C (dec.) 

IR (Nujol): 1760-1750, 1660-1640 cm" 1 

NMR (D2O. 5): 1.22 (3H, d, J=6Hz), 1.30 (3H, d, J=6Hz), 1.55-2.05 (2H, m), 2.50-2.96 (2H, m), 3.00- 
4.40 (10H, m) 

Example 13 




COOPNB COOH 



(4R,5S,6S)-3-[(2S,4S)-2-{(2-Ureidoethyl)thiomethyl}pyrrolidin-4-yl]thio-6-((1R)-1-hydroxyethyl]-4-methyl- 
7-oxo-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid (0.30 g) was obtained by hydrogenating 4-nitrobenzyl 
(4R,5S,6S)-3-[(2S,4S)-2-(2-ureidoethyl)thi^ 

hydroxyethyl]-4-methyl-7-oxo-1-azabiCyclo[3.2.0]hept-2-ene-2-carboxylate (0.95 g) in substantially the same 
manner as that of Example 4. 

mp: >169*C (dec.) 

IR (Nujol): 1755, 1650, 1580 cm" 1 

NMR (D2O, 6): 1.21 (3H, d, J = 9Hz), 1.27 <3H, d, J = 6Hz), 1.42-2.03 (2H, m), 2.53-4.36 (14H. m) 
SI Mass: 445 (M + ), 444 (M+-1), 443 (M + -2) 
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(4R,5S ( 6S)-3-[(2S l 4S)-2-{(carbamoylmethyl)oxymethyl}pyrrolidin-4-yl]thio-6-[(1R)-l -hy droxy ethyl ]-4- 
methyl-7-oxo-1-azabicylco(3.2.0]hept-2-ene-2-carboxylic acid (0.33 g) was obtained by hydrogenating 4- 
nitrobenzyl (4R,5S,6S)-3-[(2S,4S)-2-(carbamoylmethyl)oxymethyl-1-(4-nitroben2ytoxycarbonyi)pyrroiidin-4- 
yl]thio-6-[(1R)-1-hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate (0.73 g) in sub- 
stantially the same manner as that of Example 4. 

mp: 165*C (dec.) 

IR (KBr): 1745, 1670, 1585 cm" 1 

NMR (D 2 0. 5): 1.19 (3H, d, J = 6.5 Hz), 1.26 (3H t d, J = 6.5 Hz), 1.6-2.0 (1H, m), 2.5-2.9 (1H, m) 
SI Mass: 400 (M + + 1 ) 

The following compounds were obtained in substantially the same manner as that of Example 2. 
Example 15 



COOPNB PNZ 



4-Nitrobenzyl (4R,5S,6S)-6-[(1 R)-1 -hydroxyethyl]-3-[2S,4S)-2-(2-hydroxyethyloxymethyl)-1 -(4-nitroben- 
zyloxycarbonyl)pyrrolidin-4-yl]thio-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate 
IR (Nujol): 3400, 1740-1770, 1680-1710. 1605 cm"' 

NMR (CDCb, 6): 1.1-1.6 (6H, m), 5.1-5.6 (4H, m), 7.3-7.7 (4H, m), 8.21 (4H, d. J = 9Hz) 
Example 16 




4-Nitrobenzyl (4R,5S,6S)-3-[(2S,4S)-2-(2-carbamoyloxyethyloxymethyl)-1-(4-nitrobenzyloxycarbonyl)- 
pyrrolidin-4-yl]thio-6-[(1R)-1-hydroxyethyl]-4-m 

IR (CH 2 CI 2 ): 3400-3500. 1765. 1700-1720. 1605 cm" 1 

NMR (CDCb. 5): 1.1-1.7 (6H. m). 5.0-5.6 (4H, m) f 7.4-7.8 (4H. m), 8.21 (4H. d. J =8.5Hz) 
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CH 3 



10 



\-H CH 3 
COOPNB PNZ 



ONH 2 



4-Nitrobenzyl (4R.5S.6S)-3-[(2S.4S)-2.(1^arbamoyl-1-methylethyl)oxymethyM-(4-nitroben 2 yloxycar- 
bonyOp y rrohd,n^^ 

is ih (OHCIa) 1770, 1710-1680 cm -1 



Example 18 



20 



HO H H 




25 



o Y - N 

COOPNB PNZ 



30 



4-Nitrobenzyl (4R.5S.6S)-3-[(2S.4S)-2-{2-hydroxy-3-(4-nitroben 2 yloxycarbonylamino)propyl}thiomethyl- 
1 -<4-n,trobenzyloxycarbonyl)pyrrolidin-4-yl]thio-6-[(1 R)-i -hydroxyethyl]-4-methyl-7-oxo-1 -azabicycloP 2 01- 

nept-2-ene-2-carboxylate * ' J 

<6H. d M J R = ( 8H 2 T 3 ' <3H " ^ J = 9HZ) ' (3H ' d ' J = 6H2) ' 515 " 5 - 45 (6Hl m) ' 7 - 40 - 7 75 (6H ' m >" 825 

35 Example 19 



40 



~ ^NHS0 0 CH^ 




COOPNB PNZ 



45 



50 



nit m t Nit T nZyl K „ (4R - 5S ' 6S) - 6 - [(1R) - 1 - h y drox y eth y | > 3 -[(2S.4S)-2-(methyl S ulfo^ 

n.trobenzyloxycarbonyl)pyrrol.din-4-yl]thio-4-methyl-7-oxo-1-a 2 abicyclo[3.2.0]hept-2^ne-2^boxylate 
IR (Nujol): 1770-1750. 1710-1690, 1605. 1520 cm"' 

,™ N f /,R i CDCl3 ' *> : 128 < 3H ' d - J = 7H *>. 1 37 (3H, d. J = 7Hz). 1.65-2.10 (3H. m). 2.35-2.85 (2H m) 2 94 
(3H. s). 5 25 (4H. s). 5.40-5.75 (2H. m). 7.56 (2H. d, J = 9Hz). 7.66 (2H. d. J = 9Hz). 8.26 (4H d J =9Hz) 
The following compounds were obtained in substantially the same manner as that of Example 4. 
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Example 20 

HO 



H H 

lA/OH 



COOH H 



(4R,5S.6S)-6-[<1 R)-1 -hydroxyethyl^ 
oxo-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 
mp: 170-1 75 *C (dec.) 
IR (KBr): 1730-1760, 1570-1590 cm" 1 

NMR (DsO, 5): 1.21 (3H. d, J = 8Hz) t 1.28 (3H, d, J = 7Hz). 1.5-2.1 (1H, m), 2.4-2.9 (1H, m) 
SIMS: 387 (M + + 1) 

Example 21 




■ / \^OCONH 2 



. (4R 1 5S,6S)-3-[(2S,4S)-2-(2-carbamoyloxyethyloxymethyl)pyrrolidin-4-yl]thio-6-^ 
methyl-7-oxo-l-azabicyclo(3.2.0]hept-2-ene-1-carboxylic acid 
mp: 145-1 55 *C (dec.) 
IR (KBr): 1750, 1705-1725, 1580 cm" 1 

NMR (D2O. 6): 1.22 (3H, d, J = 7Hz), 1.28 (3H, d, J = 6Hz), 1.6-1.9 (1H, m), 2.4-2.9 (1H, m) 
SIMS: 430 (M+ + 1) 

Example 22 




(4R,5S.6S)-3-[(2S,4S)-2-(1 -carbamoyl- 1 -methylethyl)oxymethylpyrrolidin-4-yl]thio-6-[{1 R)-1 - 
hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 
mp: 1 75 • C (dec.) 

IR (KBr): 1755-1730. 1670-1645 cm"' 

NMR (CfeO. 5): 1.18 (3H. d. J=7Hz), 1.28 (3H, d. J=7Hz), 1.44 (6H, s) 
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Example 23 



5 




COOH H 



(4R,5S.6S)-3-[(2S,4S)-2-(3-amino-2-hydroxyp^ 
75 4-methyi-7-oxo-1-a2abicyclo[3.2.0]hept-2-ene-2-carboxylic acid acetate 
IR (Nujol): 1755-1740. 1585-1560 cm" 1 

NMR (D 2 0, a): 1.22 (3H, d, J = 8Hz), 1.28 (3H, d, J = 6Hz), 1.55-2.00 (2H. m), 1.92 (3H, s) 
Example 24 

20 



25 




COOH H 



30 

(4R t 5S.6S)-6-[(1 R)-1 -hydroxyethyl]-3-[(2S^ 
methyl-7-oxo-1 -azabicyclo(3.2.0]hept-2-ene-2-carboxylic acid 
mp:>178 - C 

IR (Nujol): 1760-1750, 1590-1580, 1150 cm" 1 
35 NMR (0 2 O f 5): 1.22 (3H, d, J = 7Hz), 1.28 (3H, d, J=6Hz), 1.45-2.00 (2H, m), 2.46-2.95 (1H, m), 3.13 

(3H, s) 

SIMS: 420 (M + ) 

Example 25 

40 



45 




50 

A solution of (4R,5S.6S)-6-[(l R)-1 -hydroxyethyl]-3-[(2S.4S)-2-(2-hydroxyethyloxymethyl)pyrrolidin-4- 
ylthio]-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid (300 mg) in 0.05 M phosphate buffer 
(pH 7 f 30 ml) was adjusted to pH 8.5 with 30% potassium carbonate at 0'C, and ethyl acetimidate 
hydrochloride (3 g) was added in portions, while adjusting the mixture to around pH 8.5. After stirring for 1 
55 hour, the reaction mixture was neutralized with 1N hydrochloric acid and washed with ethyl acetate and 
concentrated in vacuo. The residue was chromatographed on nonionic adsorption resin "Diaion HP-20" 
eluting successively with water and 5% aqueous acetone. The fractions containing the desired compound 
were collected and lyophilized to give (4R,5S.6S)-3-[(2S t 4S)-l-acetimidoyl-2-(2-hydroxyethyloxymethyl)- 
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pyrrolidin-4-ylthio]-6-[(1R)-l-hydroxyethyl]-4-methyl-7-oxo-1-a2abicyclot3.2.0]hept-2-ene-2-carboxylic acid 
(290 mg). 

IR (KBr) : 3100-3400, 1730-1750, 1580 cm" 1 
NMR (D 2 0, 6) : 1.19 (3H, d, J-7H Z ) , 1.28 <3H, d, 
J-6Hz>, 2.28 (s) } (3HJf 2 5 _ 2>9 
2.39 (s) 
SI Mass : 426 (M + -l) 



Example 26 



XiALJn h J is sj 



C00PNB 



COOPNB PN2 



To a solution of 4-nitrobenzyf (4R)-2-diazo-4-[(2R,3S)-3-{(1R)-1-hydroxyethyl}-4-oxoa2etidin-2-yl]-3-ox- 
opentanoate (0.6 g) in anhydrous 1 ,2-dichloroethane (12 ml) was added rhodium(ll) acetate (2 mg) under 
refluxing. After refluxing for 20 minutes, the reaction mixture was cooled and evaporated in vacuo to give a 
residue. The residue was dissolved in anhydrous benzene (10 ml) and then evaporated. This operation was 
repeated once again and the residue was dried in vacuo to give 4-nitrobenzyl (4R,5R,6S)-6-[(1 R)-1- 
hydroxyethyl]-4-methyl-3,7-dioxo-1-azabicyclo[3.2.0]heptane-2-carboxylate. The compound obtained above 
was dissolved in anhydrous acetonitrile (15 ml) and cooled to 0*C under an atmosphere of nitrogen. To this 
solution were added N,N-diisopropyl-N-ethylamine (0.32 ml) and diphenyl phosphorochloridate (0.33 ml) 
successively, and the solution was stirred at 0*C for 40 minutes. To the resulting solution were added 
dropwise a solution of (2S,4S)-4-mercapto-2-(1-methyl-1 H-tetrazol-5-yl)thiomethyl-1-(4-nitrobenzyloxycar- 
bonyl)pyrrolidine (0.76 g) in anhydrous acetonitrile (3 ml) and N,N-diisopropyl-N-ethylamine (0.32 ml) with 
stirring at 0-2 # C, and the stirring was continued at the same temperature for 2 hours. Ethyl acetate (50 ml) 
was added to the reaction mixture. The mixture was washed twice with saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate, and evaporated in vacuo. The resulting residue was chromatog- 
raphed on silica gel (100 g) eluting with a mixture of dichloromethane and acetone (5:1, V/V). The fractions 
containing the desired compound were collected and evaporated in vacuo to give 4-nitrobenzyl (4R.5S.6S)- 
3-[(2S.4S)-2-(1 -methyl-1 H-tetrazol-5-^ 

6-[(1 R)-1-hydroxyethyl]-7-oxo-l-azabicyclo[3.2.0]hept-2-ene-2-carboxylate (0.81 g). 
IR (Neat) : 1765, 1710-1700, 1660, 1610, 1525,- 1350 cm' 1 

NMR (CDCb. 5) : 1.39 (3H, d. J = 7Hz). 1.36 (3H, d. J=7Hz). 1.63 (1H, m), 3.20-3.42 (2H t m), 3.93 (3H. 
s), 4.10-4.40 (4H, m), 5.13-5.66 (4H, m), 7.66 (4H, d, J=8Hz), 8.26 (4H, d. J = 8Hz) 

The following compounds were obtained in substantially the same manner as that of Example 26. 
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Example 27 



10 



7.^1^ (i H .'f j - 7h * 1 m ,3h - * j - 7h * < 2h - ■* «* ™- 



20 Example 28 



25 




N N Z CH 2 CH 2 N < CH 3 >2 

COOPNB 



30 



4-Nitrobenzyl (4R,5S.6S)-3-[(2S,4S)-2-[1-{2-(N.N-dimethylamino)ethyl}-1 H-tetrazol-5-y.]thiomethyl-1-(4- 
IR (Nujol) : 1765, 1700, 1605, 1520, 1350 cm"' 

40 Example 29 



45 




COOPNB 



50 



r£^ 

IR (CH2CI2) : 3200-3400, 1765, 1760-1710. 1610 cm - ' 
55 (4H. mT (CDC ' 3 ' ^ : 1 " 1 " 1 " 4 (6H> 2 3 " 2 7 ° H - ^ 4 71 (2K S) - 5 - 1 ' 5 - 6 < 4H ' m >- 7 *- 7 7 « H - m >- 8 0-8.3 
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Example 30 




To a solution of 4-nitrobenzyl (2R ( 5R,6S)-6-f(1R)-1-(4-nitrobenzyfoxycarbonyloxy)ethyl].3,7-dioxo-1. 
azabicyclo(3.2.0]heptane-2-carboxylate(1 .2 g) in dry dichloromethane (40 ml) were added N,N-diisopropyl- 
N-ethylamine (0.44 ml) and trifluoromethanesulfonic anhydride (0.40 ml) at -40 # C, and the solution was 
stirred at the same temperature for 15 minutes. To this solution were added N.N-diisopropyl-N-ethylamine 
(0.63 ml) and a solution of (2S,4S)-4-mercapto-1-(4-nitroben2yloxycarbonyl)-2-(pyridin-4-ylthiomethyl)- 
pyrrolidine (1.38 g) in dry dichloromethane (5 ml) successively at the same temperature under an 
atmosphere of nitrogen, and stirred at ambient temperature for 2 hours. The reaction mixture was washed 
with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate and evaporated in vacuo 
to give a residue. The residue was chromatographed on silica gel (100 g) eluting with a mixture of 
dichloromethane and acetone (4:1 V/V). The fractions containing the desired compound were collected and 
evaporated in vacuo to give 4-nitrobenzyl (5R,6S)-3-[(2S,4S)-1-(4-nitrobenzyloxycarbonyl)-2-(py^ 

thiomethyl)pyrrolidin-4-ylthioh6-[(1R)-1-(4-nitrobenzyloxycarbonyloxy)ethyl]-7-oxo-1-azabicyclo[3.2.0]h 
ene-2-carboxylate (0.94 g). 

IR (Nujol) : 1780, 1750, 1690, 1610, 1575, 1520, 1350 cm" 1 

NMR (CDCb, 6) : 1.42 (3H, d, J = 7Hz), 1.80-2.15 (2H, m), 2.35-2.80 (1H, m), 2.85-3.25 (3H, m) 3 25- 
3.75 (4H, m), 3.90-4.35 (3H, m), 5.00-5.60 (6H, m), 7.35-7.75 (8H, m), 8.10-8.45 (8H, m) 

Example 31 



N—N H0_ „ _ N— N 




COOFNB ™* u COOH ^3 



A mixture of 4-nitrobenzyl (4R,5S.6S)-3-[(2S,4S)-2-(1-methy(-1 H-tetrazol-5-yl)thiomethyl-1 -(4-nitroben- 
zyloxycarbonyl)pyrrolidin-4-yl]thio-4-methyl-6-[(1R)-1-hydroxyethyl]-7-oxo-1-azabicyclof3.2.0]hept-2-ene-2- 
carboxylate (0.80 g), 20% palladium hydroxide on carbon (0.5 g), 0.05 M phosphate buffer (pH 6.3. 30 ml) 
and tetrahydrofuran (30 ml) was stirred for 3 hours under atmospheric pressure of hydrogen at ambient 
temperature. After the catalyst was filtered off, the filtrate was concentrated under reduced pressure to 
remove the organic solvent. The residue was washed with ethyl acetate (30 ml x 2) and evaporated in vacuo 
to remove the organic solvent. The residue was chromatographed on nonionic adsorption resin "Diaion HP- 
20" (Trademark, made by Mitsubishi Chemical Industries) (20 ml) eluting in turn with water (60 ml) and 10% 
aqueous acetone solution (120 ml). The fractions containing the desired compound were collected and 
lyophilized to give (4R,5S.6S)-6-[(1R)-1-hydroxyethylH-methyl-3-[(2S.4S)-2-{(1-methyi-1H-tetrazol-5-yl)- 
thiomethyh}pyrrolidin-4-ylthio]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid (0.23 g). 

mp : > 1 65 • C (dec.) 

IR (Nujol) : 1760-1750, 1590-1580, 1170 cm" 1 

NMR (D2O, 5) : 1.21 (3H, d. J=7Hz), 1.30 (3H. d, J = 7Hz). 1.65-2.05 (1H, m), 2.60-3.10 (1H, m). 3.25- 
3.90 (7H, m), 3.90-4.40 (3H. m):4.03 (3H, s) 
SI Mass : 441 (M + ) 

The following compounds were obtained in substantially the same manner as that of Example 31. 
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Example 32 



s 




10 

<4R,5S,6S)-6-[(1 R)-1 -HydroxyethylH-methyl-7-oxo-3-[(2S.4S).2-(1 ,3 ( 4-thiadia20l-2-ylthiomethyl)- 
pyrrohdm-4-ylthioh1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 
mp : > 1 78 • C (dec.) 
is IR (Nujol) : 1750, 1585, 1290, 1260 cm"' 

NMR (DjO. 5) : 1.19 (3H, d. J = 7Hz), 1.27 (3H, d, J = 7Hz), 1.60-2.10 (2H, m), 2.10-3.03 (2H, m) 9 40 
(1H, s) 

Example 33 

20 : 



25 




2 



COOH 



30 

(4R,5S,6S)-6-[(1R)-1-hydroxyethyl]-4-methyl-7-oxo-3-t(2S,4S)-2-[1-^ 

tetra2Ol-5-yl]thiomethylpyrrolidin-4-ylthio]-1-a2abicyclo[3.2.0]hept-2-ene-2-carboxylic acid 
mp : 1 63-1 68 *C (dec.) 

35 IR (Nujol) : 1650, 1590-1580. 1290-1260 cm"' 

NMR <D 2 0, 5) : 1.28 <3H. d, J = 7Hz), 1.27 (3H, d. J=7Hz), 1.53-1.95 (2H, m), 2.64 (6H, s), 2.20-3.04 
(2H, m) 

Example 34 

40 ~ 



45 




COOH 



50 

(4R,5S,6S)-6-[(1 R)-1 -Hydroxyethyll^-methyl^-oxoS^S^S^-^H-l .2,4-triazol-3-ylmethyl)- 
oxymethyl}pyrrolidin-4-ylthio]-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 
IR (KBr) : 1740-1760, 1580 cm"' 

NMR (CfeO. 6) : 1.19 (3H, d. J = 8Hz), 1.28 (3H. d. J = 6Hz). 2.5-2.9 (1H, m), 8.40 (1H s) 
55 SI Mass : 424 (M + + 1) ' 
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(5R,6S)-6-[(1RH-Hydroxyet^ 
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 
;s mp : >184'C (dec.) 

IR (Nuiol) : 1770-1760, 1580, 1250-1220 cm" 1 

NMR (DMSO-ds. 5) : 1.11 (3H, d, J = 7Hz), 1.36-1.50 (1H. m), 2.72-2.90 <1H, m). 7.22-7.32 (2H, m), 8.32- 
8.40 (2H. m) 

SI Mass : 420 (M + -2) 



20 



Example 36 



25 H 



30 




COOPNB 



HO H H 



= O 
COOPNB 




^^JIHSO^CH 



2 3 



PNZ 



COOPNB 



35 



40 



4-Nitrobenzyl (4R.5S.6S)-6-[(1 R)-i : hydroxyethyl]-3-[(2S,4S)-2-{2-(methanesulfonylamino)- 

ethyloxymethyl}-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-4-yl]thio-4-methyl-7-oxo-1-azabicyclo[3.2.0lhept-2- 
ene-2-carboxylate (0.60 g) was obtained by reacting 4-nitrobenzyl (4R)-2-diazo-4-[(2R,3S)-3-{(lR)-l- 
hydroxyethyl}-4-oxoa2etidin-2-yl]-3-oxopentanoate (0.60 g) with (2S,4S)-4-mercapto-2-[2- 
(methanesuifonylamino)ethyloxymethyl]-1-(4-nitrobenzyloxycarbonyl)pyrrolidine (0.52 g) in substantially the 

same manner as that of Example 2. 
IR (CHCIa) : 1765, 1705-1695 cm -1 

NMR (CDCIa. 5) : 1.28 (3H f d. J = 7Hz). 1.36 (3H, d. J = 7Hz), 2.95 (3H, s) 
Example 37 



"5 HO H H 



50 




PNZ 




CK^s/NHSO CH 



COOH 



(4R 5S 6S)-6-[(1 R)-1 -Hydroxyethyl]-3-[(2S,4S)-2-{2-(methanesulfonylamino)ethyl}oxymethyl]pyrrolidin-4- 
yllthio-4-methy I-7-OXO-1 -azabicyclo[3,2.0]hept-2-ene-2-carboxy lie acid (0.23 g) was obtained by hydrogenat- 
ing 4-nitrobenzyl (4R.5S.6S)-6-((lR)-1 -hydroxy ethy lh3-[(2S.4S)-2-{2-(methanesulfony lamino)- 

ethyloxymethyl>-1-(4^itroben2yloxycarbonyl)pyrrolidi 
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ene-2-carboxylate (0.60 g) in substantially the same manner as that of Example 4. 
mp : 160'C (dec.) 
IR (KBr) : 1755-1730 cm" 1 

NMR (Da'O. 6) : 1.20 (3H. d. J = 7Hz), 1.28 (3H. d. J = 7Hz), 3.08 (3H, s) 
Example 38 



w 



HO H H N 




HO H 



COO'V 



HO H H 

0 ^ 0 coo^V 

coo^^ 




N 



o/v iracoNH 2 
o 



coo/V 



75 



25 



To a solution of ally! (4R)-2-diazo-4-[(2R,3S)-3-{(1R)-^ 
tanoate (0 36 g) in dich.oromethane (2.25 ml) was added rhodium(ll) octanoate ( 6 mg) under reflux After 
2 o eSux ng for 20 rninutes. to the solution was added rhodium(ll) octanoate ( 6 mg). The nurture was ref.uxed 
o ZZ inutes The reaction mixture was cooled and evaporated in vacuo to give a res.due. The residue 
was dissolved in anhydrous acetonitri.e ( 4.5m.) and then evaporated. This operat,on was repeated once 
lain an th » resulti ng residue was dried in vacuo to give al.yl (4R.SR.6SW(lR)-i-hydroxyefty h^ethyh 
-1 iabfcydo[3.2.0]he P tane-2-carboxy.ate. The residue containing the compound obta.ned above 
wis d'solvi in anhydrous acetonitrile (4.5 m.) and cooled to 0 - 5'C under an ^phere o» n.rogen .To 
this solution were added diphenyl phosphorochloridate (0.35 ml) and N.N-dusopropyl-N-e hylamme (0.32 mO 
succetivew and the solution was stirred at 0-5 -C for 1 hour. To the resulting solut.on were added 
droowSe a soluton of (2S.4S)-1-allyloxycarbony.-4-merca P to-2-[( ureidocarbonylmethyl oxymethy* 
ZZZe (0.35^) n a mixture of dimethy.formamide (1 ml) and acetonitri.e ( 3 m.). and 
^aZ^Z m-K mh successively with stirring at 0-5 'C. and the stirring was cont.nued at the same 
™£Z.tof 3 hou rs To a reaction mixture' was added ethyl acetate (50 ml) and water (50 ml) with 
Sg and the organic layer was separated. The organic layer was dried over magnesium sulfate and 
evaporated in vacuo. The residue was chromatographed on silica gel (15 g) e.utmg w.th a m.xture of 
evaporatea .n vacu fractions containing the desired compound were 

35 S^^S^^ i- al.y.^R.5S.6S)-3- [ (2S. 4S)- 1 -a l ,y.oxycarbon y ,-2- {( u^ 

bonytethy^ 
ene-2-carboxylate (160 mg). 

IR (CHCb) : 1760, 1710-1685 cm" 1 



30 



40 Example 39 



45 




coo/V 




coc/V 



•arr 



NHCONH, 



COOH 



so 



ss 



To a solution of ally I (4R.5S.6S)-3-[(2S.4S)-1-allyloxycarbonyl-2-{( ureidocarbonylmethyl)- 
oxvmethvllDvrrolidin-4-yinhio-6-[(lR)-1-hydroxyethyl]-4-methyl-7-oxo-1-a2abicyclo[3.2.0]hept-2-ene-2-car- 

3at% 23 Q Ta miLe o tetrahydrofuran 0 1.5ml) and water (2.3m.) were added triphenylphosph.ne 
STmo^ne (0.12ml). formic acid (0.05 ml), and tetrakis(tnpheny. P ho S phine)pan a d,um(0 (26 mg) 
sucTesS with st ring under ice-cooling. The mixture was stirred at the same temperature for 1 hour and 
ar^brnTtemperature for 2 hours, and poured into a mixture of ethy. acetate (50 ml) and water (50 ml) 
T^raquelsTer was separated and washed 2 times with ethy. acetate (50 ml). This aqueous .ayer was 
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concentrated in vacuo to remov the organic solvent. The residue was chromatographed on nonionic 
adsorption resin. "Diaion HP-20" (mad by Mitsubishi Chemical lndustries)(10ml),eluting in turn with water, 
and a mixture of acetone and water (5:95 V/V).The fractions containing the desired compound were 
collected and lyophilized to give (4R.5S. 6S)-6-((1R)-1-hydroxyethylh4-methyl-7-oxo-3-(2S,4S)-2-{( 
u reidocarbonylmethyl)oxymethyl}pyrrolidin-4-yl]thio-1-azabicyclo[3.2.0]hept-2-ene-2-carboxyl.c acid (0.09 

gi- 
mp : 1 55 ' C (dec.) 

IR (Nujol) : 1750-1680 cm -1 

NMR (CDCb, 5) : 120 (3H. d. J=7.5Hz). 1.27 (3H, d, J = 7.5Hz) 
SI MS : 443 (M* + 1), 426 

Example 40 



HO 



fH H. l 2 

Q ^-N H 0 



COOPNB •*■ 





NHPNZ 



PNZ 



COOPNB 



C00PNB 



To a solution of 4-nitrobenzyl (4R)-2-diazo-4-[(2R.3S)-3-{(1 R)-1-hydroxyethyl}-4-oxoazetidin-2-yl]-3-ox- 
opentanoate (0 35 g) in dichloroethane (10 ml) was added rhodium acetate (1 mg) under reflux in a n.trogen 
stream The mixture was refluxed for 30 minutes and concentrated under reduced pressure to give .4- 
nitrobenzy I (4R 5R 6S)-6-[(1 R)-1 -hydroxyethy l]-4-methyl-3.7-dioxo-1 -azabicyclo[3.2.0]heptane-2-carboxylate. 
The compound obtained above was dissolved in acetonitrile (10 ml). To the solution was added diphenyl 
phosphorochloridate (0.20 ml) at -10 ~ -5- C in nitrogen stream and dropwise added N.N-di.sopropyl-N- 
ethylamine (0.20 ml) at the same condition. The mixture was stirred at the same condition for 1 hour. To the 
solution were added N.N-diisopropyl-N-ethylamine (0.2 ml) and then a solution of (2S.4S)-4-mercapto-l-(4- 
nitrobenzyloxycarbonyl)-2-[2-(4-nitrobenzyloxycarbonylamino)ethyloxymethyl]pyrrolidine (0.46 g) in acetoni- 
trile (2 ml) at -20 -C The mixture was stirred at the same temperature for 30 minutes and then at 0-10 *C 
for 3 hours The mixture was poured into a mixture of water (60 ml) and ethyl acetate (90 ml). The organ.c 
layer was washed with water (90 ml x 2) and brine (90 ml) successively, dried over magnesium sulfate, and 
concentrated under reduced pressure to give a syrup. The syrup was subjected to a column chromatog- 
raphy on silica gel (20 g) and eluted with a mixture of acetone and dichloromethane (5:95, 10:90, and 15:85. 
in turn) to give 4-nitrobenzyl (4R.5S.6S)-6-[(lR)-1-hydroxyethyl]-4-methyl-3-((2S,4S)-1-(4-nitrobenzyloxyca- 
rbonyl)-2-{2-(4-nitrobenzyloxycarbonylamino)ethyloxymethyl}pyrrolidin-4-yl]thio-7-oxo-1-azabicyclo(3.2.0]- 

hept-2-ene-2-carboxylate (0.45 g). 
IR (CHCIs) : 1765. 1705 cm" 1 

Example 41 



HO 



H H N. 



HO 



COOPNB 




NHPNZ 



PNZ 



COOPNB 



4-Nitrobenzyl (4 R,5S,6S)-34(2S,4S)-2-[{1.1-dimeto 
.ethyl}oxymethylH-(4^^ 
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azabicyclo(3.2.0]hept-2-ene-2-carboxylate {0.79 g) was obtained by reacting 4-nitrobenzyl (4R)-2-dia20-4-[- 
(2R.3S)-3-{(1R)-1-hyclroxyethyi}-4-oxoa2etidin-2-yl]-3-oxopentanoate (0.55 g) with (2S,4S)-2-[{1 ,1-dimethyl- 
2-(4-nitrobenzyloxycajlDonylamm^ 

(0.70 g) in substantially the same manner as that of Example 40. 
IR (CHCb) : 1765. 1705. 1605 cm"' 

NMR (CDCI 3 . 5) : 1.10 (6H. s). 1.28 (3H t d, J = 7Hz), 1.38 (3H, d. J = 7Hz) 
Example 42 




A solution of 4-nitrobenzyl (4R,5S ( 6S)-6-[(1R)-1-hydroxyethyl]-4-me^ 
ycartx>nyl)-2-{2-(4-nitrobenzyloxy^ 

[3.2. 0]hept-2-ene-2-carboxy late (0.45 g) in a mixture of tetrahydrofuran (25 ml) and 0.2M acetate buffer (pH 
5.8) (25 ml) was stirred in the presence of 20% palladium hydroxide on carbon (0.1 g) under atmospheric 
pressure of hydrogen at ambient temperature for 8 hours. The catalyst was removed by filtration and the 
filtrate was concentrated under reduced pressure to remove tetrahydrofuran. The residual solution was 
washed with ethyl acetate (40 ml x 2) and the organic solvent was removed by evaporation. The residual 
solution was subjected to a column chromatography on nonionic adsorption resin, "HP-2Q" (trademark, 
made by Mitsubishi Chemical Industries) (20 ml) and eluted with water. The fractions containing the desired 
compound were collected and lyophilized to give (4R t 5S,6S)-3-[(2S.4S)-2-(2-aminoethyloxymethyl)pyrrolidin- 
4-yl]thio-6-[(1 R)-1 -hydroxyethyl]-4-methyl-7-oxo-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid acetate 
(0.053 g). 

mp : 90 • C (dec.) 

IR (KBr) : 1760-1735 cm" 1 

NMR (D20 . 5) : 1.23 (3H, d, J = 7Hz), 1.19 (3H, d, J = 7Hz), 1.93 (3H, s) 
FD MS : 386 

Example 43 




(4R,5S,6S)-3-[(2S,4S)-2-{(2-amino-1 . 1 -dimethylethyl)oxymethyl}pyrrolidin-4-yl]thio-6-[(1 RH - 
hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid acetate (0.16 g) was obtained 
by hydrogenating 4-nitrobenzyl (4R,5S,6S)-3-[(2S,4S)-2-[{1,1-dimethyl-2-(4-nitrobenzyloxycarbonylamino)- 
ethyl}oxymethyl]-1 -(4-nitrobenzyloxycarbonyl)pyrrolidin-4-yl]thio*6-[(1 R)-1 -hydroxyethyl]-4-methyl-7-oxo-1 - 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate (0.78 g) in substantially the same manner as that of Example 42. 

mp : 180 *C (dec.) 

IR (KBr) : 1750-1730 cm" 1 

NMR (D2O, 5) : 1.1-1.4 (12H, m), 1.78 (3H, s) 

SI MS : 414, 343 
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Example 44 



w 



15 



20 



25 



H0 H H . ?2 



' 7 f T C00PNB - 



1 NH 0 

O 



0 „ „ 0 ' PNZ 



NHCONH. 
PNZ 4 



COOPNB 



COOPNB 



ycarMny,)-N.( 2 .u,a.o^ 9H " »c« on* ^ To ^ ^ 

9 T=VZl «.™t,r^%*l e * wa»r ,,00 n,, , 4 and tft. 00^ 

5y ™p was subjected to a column chromatography on s*ca O.I (15 f ^^™™*)-^WHVS. 

yl]thio-7-oxo-1 -a Z abicyclo[3.2.0]hept-2-ene-2-carboxy late (0.53 g). 
IR (CHCb) : 1765, 1710-1685 cm-' 

30 Example 45 



3S 




NHC0NH 2 



H H 



PNZ 



COOPNB 




y^y HHC0NH 2 



,4R 5S 6S)-6-[(1R)-1-Hydroxyethyll-4-methyl-7-oxo-3-[(2S. 4S \- 2 - {(2 - U ^°!' hy £ 

45 carboxylate (0.52 g) in substantially the same manner as that of Example 42. 



mp : 200 'C (dec.) 
IR (KBr) : 1750-1730 cm" 1 



50 



55 



63 



EP 0 280 771 B1 

Claims 

Claims for the following Contracting States : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. A compound of the formula : 




in which 

R 1 is carboxy or protected carboxy, 

R 2 is hydroxy(Ci -C*)alkyl or protected hydroxy(Ci -Chalky l t 
R 3 is hydrogen or Ci -C* alkyl, 

R 4 is protected or unprotected hydroxy (Ci -Ce)alky I; protected or unprotected hydroxy(Ci -Ce )- 
alkyl having protected or unprotected amino; halo(Ci -Ce)alkyl; protected or unprotected 
carbamoyl(Ci-C6)alkyl; protected or unprotected amino(Ci -Cs)alkyl; protected or unprotec- 
ted ureido(Ci-C6)alkyl; protected or unprotected ureidocarbonyl(Ci-Cs)alkyl; tria20lyl(Ci - 
Cs)alkyl; saturated or unsaturated 5 or 6-membered heteromonocyclic group containing 1 
to 4 nitrogen atom(s), or containing 1 to 2 sulfur atom(s) and 1 to 3 nitrogen atom(s). 
wherein said heterocyclic group may be substituted by suitable substituent(s) selected 
from Ci-Ce alkyl, amino, amino(Ci -Csjalkyl, mono(or di)(Ci -Ce )alkylamino, mono(or di)(Ci- 
C^)aikyfamino(Ci-Ce)alkyl and imino-protective group; or Ci-Cs alkylsulfonyl; 

R s is hydrogen, C1-C6 alkanimidoyl or imino-protective group, 

A is Ci -Ci alkylene, and 

X is sulfur, oxygen, imino or protected imino, 
provided that 

when X is oxygen, 

then R 4 is not "protected or unprotected ureido(Ci -Cejalkyr, 
and pharmaceutical^ acceptable salts thereof. 

2. A compound of Claim 1, wherein 

R 2 is hydroxy (Ci -C*)alkyl, 
R 3 is hydrogen or Ci -C* alkyl, 

R* is carbamoyloxy (Ci -C* )alky I; [phenyf(or nitropheny l)(Ct -C4 )alkoxy ]carbony loxy (C, -C* )alky I; 

[triphenyl(Ci-C*)alkoxy](Ci-C4)alkyl; [tri(Ci -C4)alkylsilyl]oxy(Ci -C*)alkyl; hydroxy (Ci -C*)- 
alkyl; hydroxy (Ci -C+)alkyl having amino or phenyl(or nitrophenyl)(Ci -C*)- 
alkoxycarbonylamino; dihalo(Ci -C*)alkyl; carbamoyl(Ci -Cf )alkyl; trihalo(Ci -C*)- 
alkanoylcarbamoyl(Ci -C*)alkyl; N-[bis((Ci -C*)alkoxyphenyl}(Ci -C4)alkyl]carbamoyl(C, -C*)- 
alkyl; halosulfonylcarbamoyl(Ci -C*)alkyl; amino(Ci -C4)alkyl; N-[phenyl(or nitrophenyl)(Ci - 
C4)alkoxycarbonyl]amino(Ci -C4>alkyl; (Ci -C4)alkylsulfonylamino(Ci -C4)alkyl; ureido(Ci -C*)- 
alkyl; phenyl(Ci -C4)alkylureido(Ci-C4>alkyl; ureidocarbonyl(Ci -C4 )alkyl; phenyl(C t -C4)- 
alkylureidocarbonyl(Ci-C4)alkyl; triazolyl(Ci -C4>alkyl; saturated or unsaturated 5 or 6-mem- 
bered heteromonocyclic group containing 1 to 4 nitrogen atom(s), or containing 1 to 2 
sulfur atom(s) and 1 to 3 nitrogen atom(s), which may have C1-C4 alkyl, N.N-di(C, -C4)- 
alkylamino(Ci-C4)alkyl or phenyl(or nitrophenyl)(Ci-C4)alkoxycarbonyl; or (C1-C4)- 
alkylsulfonyl; 

R 5 is hydrogen or Ci -C4 alkanimidoyl, and 

A is Ci -C4 alkylene. 

3. A compound of Claim 2, wherein 

R 3 is Ci -C4 alkyl, and 

R* is carbamoyloxy(Ci-C4)alkyl; hydroxy(Ci-C4)alkyl; hydroxy(Ci-C4>alkyl having amino or 
nitropheny l(d-C4)alkoxycarbony (amino; difluoro(Ci -C4)alkyl; carbamoyl(Ci -C4)alkyl; amino- 
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(Ct -C*)alkyl; N-(nitrophenyl(Ci -C*)alkoxycarbdnylamino(Ci -C*)alkyl; (Ci -C*)- 

alkylsulfonylamino(Ci-C4)alkyl; ureido(Ct -C*)alkyl; ureidocarbonyl(Ci -C*)alkyl; triazolyl(Ci - 
C*)alkyl;, tetrazolyl, pyrrolidinyl. thiadiazolyl or tetrazolyl, wherein said heterocyclic groups 
may have Ci-C* aikyl, N,N-di(Ci -C*)alkylamino(Ct -Ci)alkyl or nitrophenyl(Ci -C*)- 
5 alkoxycarbonyl; or (Ci -C*)alkylsulfonyl. 

4. A compound of Claim 3, wherein 

R 2 is 1-hydroxyethyl, 
R 3 is methyl, 

to R 4 is 2-hydroxyethyl, 2-carbamoyloxyethyl, 3-amino-2-hydroxypropyl, difluoromethyl, carbamoyl- 

methyl, 1 -carbamoyl- 1 -methylethyl, 2-aminoethyl t 2-amino-1 .1 -dimethylethyl, 2- 
(methylsulfonylamino)ethyl, 2-ureidoethyt, 1 , 1 -dimethyl-2-ureidoethyl, ureidocarbonyl- 
methyl, 1 ,2,4-tria20lylmethyl, pyrrolidinyl, thiadiazolyl. 1-methyl-1H-tetrazolyl. 1-(2-(N,N- 
dimethylamino)ethyl]-1H-tetra2olyl or methylsulfonyl, 

;s A is methylene, and 

X is sulfur, oxygen or imino, 

5. A compound of Claim 4, which is 
(4R,5S 1 6S)-3-[(2S,4S)-2-{(2-ureidoethyl)thiomethyl}pyrrolidin-4 -yl]thio-6-[(1 R)-1-hydroxyethyl]-4-methyl- 

20 7-oxo-l -azabicyclo[3.2.0]hept-2-ene-2-carboxy lie acid. 

6. A compound of Claim 4, wherein 

R* is 2-hydroxyethyl, 2-carbamoyloxyethyl, carbamoylmethyl, 1-carbamoyl-1 -methylethyl, 2- 
aminoethyl or 2-(methylsulfonylamino)ethyl, and 
25 X is oxygen. 

7. A compound of Claim 6, which is 
(4R,5S,6S)-3-[(2S,4S)-2-(2-aminoethyloxymethyl)pyrrolidin-4-yl]thto-6-[(1R)-1-hydroxyethyl]-4-methyl-7- 
oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid acetate. 

30 

8. A compound of Claim 4, wherein 

R* is 2-ureidoethyl or methylsulfonyl, and 
X is imino. 

35 9. A compound of Claim 8, which is 

(4R,5S,6S)-6-[(1 R)-1 -hydroxyethyl]-4-m 

4-yl]thio-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid. 

10. A compound of Claim 2, wherein 
40 R 3 is hydrogen. 

11. A compound of Claim 10, wherein 

R 4 is unsaturated 5 or 6-membered heteromonocyclic group containing 1 to 4 nitrogen atom(s). 

45 12. A compound of Claim 11 , wherein 

R 2 is 1-hydroxyethyl, 

R 4 is pyridyl. 

R s is hydrogen, 

A is methylene, and 
so X is sulfur. 

13. A compound of Claim 12, which is 

(5R,6S)-6-{(1R)-1-hydroxyethyl]-7-oxo-3-[{2S.4S)-2-(pyridin-4-ylthiomethyl)pyrrolidin-4-ylthio]-1- 
azabicyclo[3.2.0]hept-2-ene-2-carboxy!ic acid. 

55 
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14. A process for the preparation of a compound of the formula : 




A-X-R" 



in which Rt to R 5 , A and X are defined as in claim 1 
and salts thereof, which comprises 

(a) reacting a compound of the formula : 



R 1 



wherein R\ R* and R* are each as defined above 

or a reactive derivative at the oxo group thereof or salts thereof 



em 



with a compound of the formula 



A-X-R 



R" 



wherein R\ rs, A and x are eacn as defjned 

or salts thereof to give a compound of the formula :' 



fan 



R" 
I 



A-X-R 

0 ^ 



ortft^h ' R3 '^' A 3nd X 3re 8ach as defi ™* above, 
or salts thereof; and 
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(b) subjecting a compound of the formula 

,3 



70 




( XiO 



75 



wherein R 2 , R 3 , R 4 , R 5 , A and X are each as defined above, and 
R a is protected carboxy, 

or salts thereof to elimination reaction of the carboxy-protective group on R^ to give a. compound of 
the formula : 



20 



25 




wherein R 2 , R 3 , R 4 , R 5 , A and X are each as defined above, 
or salts thereof; and 

(c) subjecting a compound of the formula : 



30 



35 



A-X-R 

/ 



N 



a 



40 



45 



wherein R\ R 2 , R 3 , R*. A and X are each as defined above, and 

R| is imino-protective group, 
or salts thereof to elimination reaction of the imino-protective group of R| to give a compound of the 
formula : 



50 



55 



A-X-R 




wherein R\ R 2 , R 3 , R 4 , A and X are each as defined above, 

or salts thereof; 

and 



C Too 
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(d) subjecting a compound of the formula : 



10 




A-X-R' 



N 



X R 5 



(It ) 



75 



wherein R\ R3, R * t rs, A and x are each as defined ^ 

R a 's protected hydroxy(Ci -Csjalkyl, 
or salts thereof to elimination reaction of the hydroxy-protective 
the formula : 



group on R* to give a compound of 



20 



25 



A-X-R 




wherein R\ R3, R*. rs, a and X are each as defined above and 
R b is hydroxy(Ci-C6)alkyl, 
30 or salts thereof; 

and 

(e) reacting a compound of the formula : 



35 



40 




a-x-r' 



45 



wherein R\ R 2 , R3, r», a and X are each as defined above 

or salts thereof with C,-Cs alkanimidoylating agent to give a compound of the formula 



SO 



55 




wherein R\ R*. R 3. R 4 > a and x m each as dQfined above ^ 

Rt, is Ci -Cs alkanimidoyl. 
or salts thereof. 
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15. A pharmaceutical composition comprising, as an active ingredient, a compound of claim 1, in admixture 
with a pharmaceutical^ acceptable carrier or excipient. 



16. A compound of claim 1 for use as a medicament. 

5 

17. A compound of claim 1 for use in treatment of infectious diseases. 

18. A compound of the formula : 

JO 



is 




fTTT) 



in which R* , R s , A and X are each as defined above, 
or salts thereof. 

20 

19. A process for the preparation of a compound of the formula 



4 

A-X-R* 



25 




N R 5 



30 



in which R*. R 5 , A and X are each as defined above. 

or salts thereof, which comprises subjecting a compound of the formula : 

35 A-X-R 4 




40 



45 



in which R 4 ( R 5 , A and X are each as defined above, and 

R 6 is mercapto-protective group, 
or salts thereof to elimination reaction of the mercapto-protective group of R 6 . 



Claims for the following Contracting State : ES 

1. A process for preparing a compund of the formula: 

50 

R 3 4 
R 2 f A-X-R 

55 J " " S * 




N 

\ 5 



R 1 R 
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in which 

R 1 is carboxy or protected carboxy, 

is hydroxy(Ci -C*)alkyl or protected hydroxy(C, -COalkyl 

R 3 »s hydrogen or Ci -Cs alkyl 

ted ureido(C,-Cs)alkyl; protected or unprotected ureidocarbonylfC, -Gttalkvi- M»JLun 

saturated or unsaturated 5 or 6-membered heteromonocyc.i^p" con^S't" 
to 4 nrtrogen atom(s). or containing 1 to 2 sulfur atom(s) and 1 to 3 nTogen a oml) 
wherein sa,d heterocyclic group may be substituted by suitable substiSs) seated 

R s s, ^ lky,am ' no <5 : ' -Csjalkyl and .m.no-protective group; or C, -Cs alkylsulfonyl- 

,s hydrogen. C, -Cs alkanimidoyl or imino-protective group, 
A is Ci -C* alkylene. and 
X is sulfur, oxygen, imino or protected imino 
provided that 

when X is oxygen, 

then R* is not "protected or unprotected ureido(Ci -Cs )alkyl" 
and salts thereof, which comprises 

(a) reacting a compound of the formula : 




wherein R'. R* and R3 are each as defined above 

or a reactive derivative at the oxo group thereof or salts thereof with a compound of the formula 



A-X-R 



HS 



<5 



wherein R* , R s , A and X are each as defined above, 
or salts thereof to give a compound of the formula : 



R" 
I 




A-X-R 

N \ 



wherein R\ ff. R*. R\ rs, a and X are each as defined above 
or salts thereof; and 
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(b) subjecting a compound of the formula : 




wherein R 2 , R 3 , R 4 , R 5 , A and X are each as defined above, and 
Ra is protected carboxy, 

or salts thereof to elimination reaction of the carboxy-protective group on R^ to give a compound of 
the formula : 




wherein R 2 , R 3 , R*. R 5 , A and X are each as defined above, 
or salts thereof; and 

(c) subjecting a compound of the formula : 




wherein R\ R 2 , R 3 , R\ A and X are each as defined above, and 

Rf is imino-protective group, 
or salts thereof to elimination reaction of the imirio-protective group of R| to give a compound of the 
formula : 




wherein R\ R 2 , R 3 , R\ A and X are each as defined above. 
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w 



75 



or salts thereof; 
and 



(d) subjecting a compound of the formula 




20 



wherein R>, n». r*. rs, a and x are each as defined 

R a ts protected hydroxy(C t -Ce )alkyl 




35 



wherein R. R3. * R s A and x arQ each gs ^.^ 

R b is hydroxy(Ci-C6)alkyl, 
or salts thereof; 
and 

(e) reacting a compound of the formula : 



40 



45 




50 



wherein R«. R*. R 3, r., a and x are each as defjned 

or sa., s thereof with C, -Cs a. k animidoy.ating agent to give a compound of the formu.a 



ss 



R- I A-X-R^ 
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wherein R\ R 2 , R 3 , R*. A and X are each as defined above, and 

Ro is Ct -Ce alkanimidoyl. 
or salts thereof. 

The process according to claim 1 for preparing a compound of formula (I), wherein 
R 2 is hydroxy(Ci -C*)alkyl, 
R 3 is hydrogen or Ci -C* alkyl, 

R 4 is carbamoyloxy(Ci -C* )alkyl; (phenyl(or nitrophenyl)(Ci -C*)alkoxy]carbonyloxy(Ci -C*)alkyl; 

[triphenyl(Ci-C*)alkoxy](Ci-C4)alkyl; [tri(Ci -C*)alky!silyl]oxy(Ci-C4)alkyl; hydroxy (C i -C*)- 
alkyl; hydroxy(Ct -C*)alkyl having amino or phenyl(or nitrophenyl)(Ci -C*)- 
alkoxycarbonylamino; dihalo(Ct -C*)alkyl; carbamoyl(Ci -C*)alkyl; trihalo(Ci -C*)- 
aikanoylcarbamoyl(Ci -Cd)alkyl; N-[bis{(d -C4)alkoxyphenyl)(Ci -C4)alkyl]carbamoyl(Ci -C4)- 
alkyl; halosulfonylcarbamoyl(Ct -C*)alkyl; amino(Ci -C^Jalkyl; N-[phenyl(or nitrophenyl)(Ci - 
C*)alkoxycarbonyl]amino(Ci-C+)alkyl; (Ci -C*)alkylsulfonylamino(Ci-C*)alkyl; ureido(Ci - 
C*)alkyl; phenyl(Ci -C4)alkylureido(Ci -COalkyl; ureidocarbonyl(Ci -C*)alkyl; phenyl(Ci -C4)- 
alkylureidocarbonyl(Ci-C4)alkyl; triazolyl(Ci -C+Jalkyl; saturated or unsaturated 5 or 6-mem- 
bered heteromonocyclic group containing 1 to 4 nitrogen atom(s). or containing 1 to 2 
sulfur atom(s) and 1 to 3 nitrogen atom(s), which may have Ci-C* alkyl, N,N-di(Ci -C*)- 
alkylamino(Ci-C*)alkyl or phenyl(or nitrophenyl)(Ci -C*)alkoxycarbonyl; or (C1-C4)- 
alkylsulfonyl; 

R 5 is hydrogen or Ci -C* alkanimidoyl, and 

A is Ct-C* alkylene. 

The process according to claim 2 wherein 
R 3 is C1-C4 alkyl, and 

R* is carbamoyloxy(Ci-COalkyl; hydroxy(Ci -C+Jalkyl; hydroxy(Ci -C*)alkyl having amino or 
nitrophenyl(Ci-C*)alkoxycarbonylamino; difluoro(Ci -C*)alkyl; carbamoyl(Ci -Cijalkyl; amino- 
(Ct -C^Jalkyl; N-[nitrophenyl(Ct -C4)alkoxycarbonylamino(Ci -C4>alkyl; (Ci -C*)- 

alkylsulfonylamino(Ct-C4)alkyl; ureido(Ci -C4)alkyl; ureidocarbonyl(Ci -C4)alkyl; triazolyl(Ci - 
C4>alkyl;, tetrazolyl, pyrrolidinyl, thiadiazolyl or tetrazolyl, wherein said heterocyclic groups 
may have C1-C4 alkyl, N,N-di(Ci -C4)alkylamino(Ci -C4)aikyl or nitrophenyl(Ci -C4)- 
alkoxycarbonyl; or (Ci -C4)alkylsulfonyl. 

The process according to claim 3, wherein 
R 2 is 1-hydroxyethyl, 
R 3 is methyl, 

R* is 2-hydroxyethyl, 2-carbamoyloxyethyl, 3-amino-2-hydroxypropy1, difluoromethyl, carbamoyl- 
methyl, 1 -carbamoyl- 1 -methylethyl, 2-aminoethyl, 2-amino-1 .1 -dimethylethyl, 2- 
(methylsulfonylamino)ethyl, 2-ureidoethyl, 1 ,1-dimethyl-2-ureidoethyl, ureidocarbonyl- 
methyl, 1 ,2,4-triazolylmethyl, pyrrolidinyl, thiadiazolyl, 1 -methyl-1 H-tetrazolyl, 1 -[2-(N,N- 
dimethylamino)ethyl]-1 H-tetrazolyl or methylsulfonyl, 

A is methylene, and 

X is sulfur, oxygen or imino. 

The process according to claim 4 for preparing the compound 

(4R,5S,6S)-3-[(2S,4S)-2-{(2-ureidoethyl)tN^ 

7-oxo-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid. 

The process according to claim 4, wherein 

R 4 is 2-hydroxyethyl, 2-carbamoyloxyethyl. carbamoylmethyl, 1-carbamoyl-1 -methylethyl, 2- 

aminoethyl or 2-(methylsulfonylamino)ethyl, and 
X is oxygen. 

The process according to claim 6, for preparing the compound 

(4R,5S.6S)-3-[(2S.4S)-2-(2-aminoethyloxymeto^^ 

oxo-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxy lie acid acetate. 
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a 



The process according to claim 4, wherein 
R 4 is 2-ureidoethyl or methylsulfonyl, and 
X is imino. 



9. The process according to claim 8 for preparing the compound 
(4R,5S f 6S)-6-[(1 R)-1 -hydroxyethyl]-^ 

4-y)]thio-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid. 

10. The process according to claim 2, wherein R 3 is hydrogen. 

11. The process according to claim 10, wherein 

R 4 is unsaturated 5 or 6-membered heteromonocyclic group containing 1 to 4 nitrogen atom(s). 

12. The process according to claim 11, wherein 

R 2 is 1-hydroxyethyl, 
R 4 is pyridyl, 
R 5 is hydrogen, 
A is methylene, and 
X is sulfur. 

13. The process according to claim 12 for preparing the compound 
(5R,6Sh6-[(1R)-1-hydroxyethyl]-7-oxo-3-[(2S,4S)-2-(pyridin-4-ylthiomethyl)pyrrolidin-4-ylthio]-1- 
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid. 

14. A process for the preparation of a compound of the formula : 



A-X-R 



4 






in which R 4 , R s , A and X are each as defined above, 

or salts thereof, which comprises subjecting a compound of the formula : 



A-X-R 





R' 



5 



in which R 4 , R s , A and X are each as defined above, and 

R 6 is mercapto-protective group, 
or salts thereof to elimination reaction of the mercapto-protective group of R 6 . 
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Claims for the following Contracting State : GR 
1. A process for preparing a compund of the formula: 



A-X-R 




in which 

R 1 is carboxy or protected carboxy, 

R2 is hydroxy(Ci-C*)alkyl or protected hydroxy(Ci -Chalky!, 
R 3 is hydrogen or Ci -Ce alkyl, 

R* is protected or unprotected hydroxy(Ci -Cejalkyl; protected or unprotected hydroxy(Ci -Cs)- 
alkyl having protected or unprotected amino; halo(Ci -Csjalkyl; protected or unprotected 
carbamoyKCi-CeJalkyl; protected or unprotected amino(Ci -Chalky I; protected or unprotec- 
ted uretdo(Ci-C6)alkyl; protected or unprotected ureidocarbonyl(Ci -Cs)alkyl; triazolyl(Ci - 
Ce)alkyi; saturated or unsaturated 5 or 6-membered heteromonocyclic group containing 1 
to 4 nitrogen atom(s), or containing 1 to 2 sulfur atom(s) and 1 to 3. nitrogen atom(s), 
wherein said heterocyclic group may be substituted by suitable substituent(s) selected 
from Ci-Ce alkyl, amino. amino(Ci -Ce)alkyl, mono (or di)(Ci -GOalkylamino. mono(or di)(Ci- 
C6)alkylamino(Ci-C6)alkyl and imino-protective group; or Ci-C* alkylsulfonyl; 

R 5 is hydrogen, Ct-Ce alkanimidoyl or imino-protective group, 

A is C1-C4 aikylene, and 

X is sulfur, oxygen, imino or protected imino, 
provided that 

when X is oxygen, 

then R 4 is not "protected or unprotected ureido(Ci -Cs)alkyl\ 
and salts thereof, which comprises 

(a) reacting a compound of the formula : 




wherein R\ R 2 and R a are each as defined above. 

or a reactive derivative at the oxo group thereof or salts thereof with a compound of the formula 



A-X-R 



\ — N. 



\ 



wherein R\ R s . A and X are each as defined above, 
or salts thereof to give a compound of the formula : 
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wherein R\ R 2 , R 3 , R 4 , R 5 , A and X are each as defined above, 
or salts thereof; and 

(b) subjecting a compound of the formula : 




wherein R 2 , R 3 , R*, R s , A and X are each as defined above, and 
R a is protected carboxy, 

or salts thereof to elimination reaction of the carboxy-protective group on R^ to give a compound of 
the formula : 




wherein R 2 , R 3 , R\ R s , A and X are each as defined above, 
or salts thereof; and 

(c) subjecting a compound of the formula : 




wherein R\ R 2 . R 3 , R 4 , A and X are each as defined above, and 

Rf is imino-protective group, 
or salts thereof to elimination reaction of the imino-protective group of Rf to give a compound of the 
formula : 
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A-X-R 




w 



15 



wherein R\ R 2 , R 3 , R* t A and X are each as defined above, 

or salts thereof; 

and 

(d) subjecting a compound of the formula : 



20 



25 



A-X-R 



30 



X R 5 



wherein R\ R 3 , R 4 , R s , A and X are each as defined above, and 

R| is protected hydroxy(Ci -Chalky I, 
or salts thereof to elimination reaction of the hydroxy-protective group on Rf to give a compound of 
the formula : 



35 



40 



A-X-R- 



p 1 R 



wherein R\ R 3 . R*. R 5 , A and X are each as defined above, and 
R| is hydroxy(Ci -Cc )alkyl, 
45 or salts thereof; 

and 

(e) reacting a compound of the formula : 



so 



55 




A-X-R 
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wherein R\ R 2 R 3 R 4 , A and X are each as defined above. 

or salts thereof with Ci-Ce alkanimidoylating agent to give a compound of the formula : 




wherein R\ R 2 t R 3 , R 4 , A and X are each as defined above, and 

R^ is C1-C6 alkanimidoyl, 
or salts thereof. 

The process according to claim 1 for preparing a compound of formula (I), wherein 
R 2 is hydroxy(C t -C 4 )alkyl, 
R 3 is hydrogen or Ci-C* alkyl, 

R 4 is carbamoyloxy(Ci -Chalky I; [phenyl(or nitrophenyl)(Ci -C*)alkoxy]carbonyloxy(Ci -C*)alkyl; 

[triphenyl(Ci-C*)alkoxy](Ci-C*)alkyl; [tri(Ci-C*)alkylsilyl]oxy(C, -COalkyl; hydroxy(Ci -C*)- 
alkyl; hydroxy (Ci -C 4 )alky I having amino or phenyl(or nttrophenyl)(Ci -C*)- 
alkoxycarbonylamino; dihalo(Ci -C*)aikyl; carbamoyl(Ci -C*)alkyl; trihalo(Ci -C*)- 
alkanoylcarbamoyl(Ci -C4)aikyi; N-[bis{(Ci -C4)alkoxyphenyl}(Ci -C*)alkyl]carbamoyl{Ci -C*)- 
alkyl; halosulfonylcarbamoyl(Ci -C*)alkyl; amino(Ct -C*)alkyl; N-[phenyl(or nitrophenyl)(Ci - 
C4)alkoxycarbonyl]amino(C; -C^Jalkyi; (Ci -C*)alkylsulfonylamino(Ci -C4)alkyl; ureido(Ci - 
C*)alkyl, phenyl(Ci-C4)alkylureido(Ci-C*)alkyl; ureidocarbonyl(Ci -Ci)alkyl; phenyl(Ci -C*)- 
alkylureidocarbonyl(Ci-C*)alkyl; triazolyl(Ci -CU)alkyl; saturated or unsaturated 5 or 6-mem- 
bered heteromonocyclic group containing 1 to 4 nitrogen atom(s), or containing 1 to 2 
sulfur atom(s) and 1 to 3 nitrogen atom(s). which may have C1-C4 alkyl, N f N-di(Ci -C*)- 
alkylamino(Ct-COalkyl or phenyl(or nitrophenyl)(Ci -COalkoxycarbonyl; or (Ci-C*)- 
alkylsulfonyl; 

R 5 is hydrogen or C1-C4 alkanimidoyl, and 

A is C1-C4 alkylene. 

The process according to claim 2 wherein 
R 3 is Ci-C* alkyl, and 

R 4 is carbamoyloxy(Ci-C*)alkyl; hydroxy(Ci -C4)alkyl; hydroxy (Ci -C*)alky I having amino or 
nitrophenyl(Ci-C4)alkoxycarbonylamino; difluoro(Ci -C4>alkyl; carbamoyl(Ci -C4)alkyl; amino- 
(Ci -C4)alkyl; N-[nitrophenyi(Ci -C4)alkoxycarbonylamino(Ci -C4>alkyl; (Ci -C4)- 

alkylsulfonylamino(Ci-C4)alkyl; ureido(d -C4>alkyi; ureidocarbonyl(Ci -C4>alkyl; triazolyl(Ci - 
C4)alkyl;. tetrazolyl, pyrrolidinyl, thiadiazolyl or tetrazolyl, wherein said heterocyclic groups 
may have C1-C4 alkyl. N.N-di(Ci -C4>alkylamino(Ci -C4>alkyl or nitrophenyi(Ci -C4)- 
alkoxycarbonyl; or (Ci -C4)aikylsulfonyl. 

The process according to claim 3, wherein 
R 2 is 1-hydroxyethyl, 
R 3 is methyl, 

R 4 is- 2-hydroxyethyl, 2-carbamoyloxy ethyl, 3-amino-2-hydroxypropyl. difluoromethyl, carbamoyl- 
methyl, 1 -carbamoyl-1 -methlethyl, 2-aminoethyl, 2-amino-1 ,1 -dimethyiethyl. 2- 
(methylsulfonylamino)ethyl, 2-ureidoethyl, 1 ,1 -dimethyl-2-ureidoethyl, ureidocarbonyl- 
methyl. 1 ,2,4-triazolylmethyl. pyrrolidinyl. thiadiazolyl; 1-methyM H-tetrazolyl, l-[2-(N,N- 
dimethylamino)ethyl]-1 H-tetrazolyl or methylsulfonyl. 

A is methylene, and 

X is . sulfur, oxygen or imino. 
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7-0x0-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid. 

, ^^-ir^. ear.*™,™*,.. - 
aminoethyl or 2-(methylsulfonylamino)ethyl. and 
X is oxygen. 

oxo-l-a2abicyclot3.2.01hept-2-ene-2-carboxylic acid acetate. 

a The process according to claim 4, wherein 

R* is 2-ureidoethyi or methylsulfonyl, and 
X is imino. 

9. The process according to claim 8 for 

(4R 5S 6S)-6-t(1 R)-1 -hydroxyethyll-4-methyl-7-oxo o U<:».*»> * u 
4-yllthiol-l-a 2 abicyclo[3.2.0]hept-2-ene-2-carboxylic and. 

10. The process according to claim 2. wherein R 3 is hydrogen. 

11 - T Tr" nS^ *°* C ° ntainin9 1 t0 4 nitr ° 9Sn at ° m(S) - 



12. The process according to claim 11, wherein 
R2 is 1-hydroxyethyl, 
R* is pyridyl, 
r s is hydrogen, 
A is methylene, and 
X is sulfur. 



11 ^^^c^-^ 

azabicyclo[3.2.0]hept-2-ene-2-carboxyl.cacid. 
14. A process for the preparation of a compound of the formula : 




(E) 



in which R* R s . A and X are each as defined above. 

or satts thereof, which comprises subjecting a compound of the formu.a . 

— 4 
A-X-R 



f ma) 
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in which R 4 , R s , A and X are each as defined above, and 

R 6 is mercapto-protective group, 
or salts thereof to elimination reaction of the mercapto-protective group of R 6 . 

15. Modification of the processes of any of claims 1 to 13. characterized in that a compound prepared by a 
process according to any of claims 1 to 13 is brought into a pharmaceutical^ acceptable form by 
admixture or presentation of said compound with a pharmaceutical^ acceptable diluent or carrier. 

Patentanspriiche 

Patentanspriiche fur folgende Vertragsstaaten : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. Verbindung der Formel 



2 ft 3 4 

R f A-X-R* 



R x R 

worin R' Carboxy oder geschutztes Carboxy darstellt. R 2 ist Hydroxy (Ci -CO-alkyl oder geschutztes 
Hydroxy(Ci -CO-afkyl, R3 ist Wasserstoff oder Ci -Ce-Alkyl, 

R 4 ist geschutztes oder ungeschutztes Hydroxy^ -CO-alkyl; geschutztes oder ungeschutztes Hydroxy- 
(Ci -CO-alkyl mit geschutztem oder ungeschutztem Amino; Halo(Ci -CO-alkyl; geschutztes oder unge- 
schutztes Carbamoyl(C, -CeJ-alkyl; geschutztes oder ungeschutztes Amino(Ci -CO-alkyl; geschutztes 
Oder ungeschutztes Ureido(Ci -CO-alkyl; geschutztes oder ungeschutztes Ureidocarbonyl(Ci -CO-alkyl* 
Triazolyl(C, -CO-alkyl; eine gesattigte oder ungesattigte 5- oder 6-gliedrige heteromonocyclische Grup- 
pe. die 1 b.s 4 Stickstoffatome enthalt oder 1 bis 2 Schwefelatome und 1 bis 3 Stickstoffatome worin 
die genannte heterocyclische Gruppe substituiert sein kann durch geeignete Substituenten, ausgewahlt 
unter (Ci -CO-Alkyl, Amino, Amino(C, -CO-alkyl; Mono-(oder Di-)(Ci -CO-alkylamino, Mono-(oder Di-)<Ci- 
CO-aikylamino(Ci -CO-aikyl und die Imino-Schutzgruppe; oder Ci -Cs-Alkylsulfonyl; 
R 5 ist Wasserstoff, Ci-Ce-Alkanimidoyl oder Imino-Schutzgruppe, 
A ist Ci -C*-Alkylen, und 

X ist Schwefel, Sauerstoff, Imino oder geschutztes Imino, vorausgesetzt, dafl wenn X Sauerstoff ist R* 
nicht "geschutztes oder ungeschutztes Ureido(Ci -Ce )-alkyl M ist, 
sowie pharmazeutisch annehmbare Salze davon. 

2. Verbindung nach Anspruch 1 , worin 

R 2 die Bedeutung Hydroxy(Ci -CO-alkyl hat, 
R 3 ist Wasserstoff oder Ci -C*-Alkyl, 

R* ist Cart>amoyloxy(C, -CO-alkyl; [Phenyl(oder Nitrophenyl)-(C, -C*)-alkoxy]carbonyloxy(Ci -CO-alkyl- 
[Tr.phenyl(Ci -CO-alkoxy](Ci -CO-alkyl; (Tri(C, -CO-alkyfsilyl]-oxy(C, -C^alkyl; Hydroxy(C, -CO-alkyl- 
Hydroxy(C, -CO-alkyl mit Amino- oder Phenyl- (oder Nitrophenyl)(Ci -CO-alkoxycarbonylamino; Dihalo- 
(C,-C*)-alkyl; Carbamoyl(Ci -COalkyl; Trihalo(C, -CO-alkanoylcarbamoyl(Ci -COalkyl; N-[Bis{(Ci -C»)- 
alkoxyphenyl}(Ci -C*)-alkyl]-carbamoyl(C, -CO-alkyl; Halosulfonylcarbamoyl(Ci -CO-alkyl; Amino(Ci -CO- 
alkyl; N-[Phenyl-(oder • Nitrophenyl)(C, -CO-alkoxycarbonyl]amino-(C, -C*)-alkyl- . (C,-C*)- 
Alkylsulfonylamino-(Ci-C4)-alkyl; Ureido(d -CO-alkyl; Phenyl(Ci -C*)-alkylureido(Ci -CO-alkyl* 
UreidocarbonyKC, -CO-alkyl; Phenyl(Ci -CO-alkylureidocarbonyl(C, -CO-alkyl; Triazolyl(Ci -COalkyl; eine 
gesattigte oder ungesattigte 5- Oder 6-gliedrige heteromonocyclische Gruppe, die 1 bis 4 Stickstoffato- 
me enthalt oder 1 bis 2 Schwefelatome und 1 bis 3 Stickstoffatome enthalt. die Ci-C*-Alkyl. N,N-Di(Ci- 
C*)-alkylammo(Ci -CO-alkyl oder Phenyl- (oder Nitrophenyl-)(C, -CO-alkoxycarbonyl Oder (C, -CO-Alkyl- 
sulfonyl. haben kann. 

R s ist Wasserstoff oder Ci-Cc-Alkanimidoyl, und 
A ist Ci -C*-AIkylen. 
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3. Verbindung nach Anspruch 2, worin 

R^st 8 ^ H y drox y( C,-C.Va. ky . mit Amino oder 

Lopn n^y^oJonyLJ. Dif.uor(C, -CO-a.ky.: Carbamoyl^ -C ; )-aikyl; ^(C,^ 
aS ^ (C, -CO-Alkylsulfonylam.no C,-C*)-alkyl. 

S2i?c?3SX? Ureidocarbony.(C, -O^llcyl: Triazolyl(C -CO-alky.: Tetrazo.y. • ^'J 1 ' 
zofvl Oder Tefrazoyl. worin die genannten heterocyclischen Gruppen C,-CVAIky L N N-0 (C,-C0- 
Oder N itrophenyl(C,-CO-a.koxycarbonyl haben konnen; Oder (C, -Chalky. su.fo- 



nyl. 

4. Verbindung nach Anspruch 3, worin 
R 2 die Bedeutung 1 -Hydroxyethyl hat, 
R 3 ist Methyl, 



R< St 2 Hvdroxyethyl 2-Carbamoyloxyethyl. 3-Amino-2-hydroxypropyl. Difluormethyl Carbamoylrne- 
L 1 cX3 ^methylethyl. 2-Aminoethyl. 2-Amino-1.1-Dimethylethyl. 2-<Methy.suifony.am.no)- 
emv. 2 Ureido?thy^^ Ureidocarbonylmethyl, 1 .2.4-Triazo.ylmethyh PynroM,- 

H-tetrazoly.. H 2-<N.N-Dimethylamino)ethy<]-1 H-tetrazolyl Oder Methylsu.fo- 
nyl' A ist Methylen. und X ist Schwefel. Sauerstoff Oder lm.no. 

Sauerstoff. 

7 Verbindung nach Anspruch 6. die ( 4R.5S.6S)-3-[2S.4S)-(2-Aminoethy^^ 
ORH*ydraxyethyl]-^ 

8. Verbindung nach Anspruch 4. worin R* die Bedeutung 2-Ureidoethy. oder Methylsulfonyl hat und X ist 



Imino. 



9 Verbindung nach Anspruch 8. die <4R,5R.6S)-6-[<1R)-1 -Hydroxyethyl]-^ 
ureS 

10. Verbindung nach Anspruch 2, worin R 3 Wasserstoff ist. 

11. Verbindung nach Anspruch 10. worin R* eine ungesattigte 5- oder 6-gliedrige heterompnocyc.ische 
Gruppe ist. die 1 bis 4 Stickstoffatom(e) enthalt. 

12. Verbindung nach Anspruch 11. worin R 2 die Bedeutung 1 -Hydroxyethy. hat. R* ist Pyridy.. R* ist 
Wasserstoff, A ist Methylen und X ist Schwefel. 

13 Verbindung nach Anspruch 12. die (5R.6S)^-[(lR)-1-Hydroxyethy.l-7-oxo-3-[(2S.4S)-2-(pyridin-4-y.thio- 
* methyl)pyrrolidin-4-ylthioH -azabicyclo[3.2.0.]hept-2-en-2-carbonsaure .st. 

14. Verfahren zur Herstellung einer Verbindung der Formel 

R 3 4 
R 2 J / A - X - R 



r 1 -R 5 



worin R 1 bis 



rs. A und X wie in Anspruch 1 definiert sind. sowie Salze davon. gekennzeichnet durch 
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(a) Reaktion einer Verbindung der Forme! 



w 



R 1 



worin R\ R 2 und R 3 jeweils wie oben definiert sind Oder eines reaktionsfahigen Derivates an der 
Oxo-Gruppe davon oder Salze davon mit einer Verbindung der Formel 



15 



20 



> — N. 



fan 



25 



30 



worin R*,R 5 , A und X jeweils wie oben definiert sind, oder Salze davon, um zu einer Verbindung der 
Formel 




fx) 



35 zu gelangen, worin R\ R 2 , R 3 , R 4- , R s , A und X jeweils wie oben definiert sind, oder Satze davon; 

und 

(b) Unterwerfen einer Verbindung der Formel 



40 



45 




fx<0 



worin R 2 , R 3 , R 4 , R 5 , A und X jeweils wie oben definiert sind, und Hi , geschutztes Carboxy darstellt, 
50 Oder Salze davon, einer Eliminierungsreaktion der Carboxy schutzgruppe an , um zu einer 

Verbindung der Formel 



55 
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55 



A-X-R* 



COOH R 5 



JO 



zu gelangen, worin R 2 , R 3 . R*, R s . A und X jeweils wie oben definiert sind, Oder Salze davon; und 
(c) Unterwerfen einer Verbindung der Formel 



75 



20 



A-X-R 



N 



fie i 



a 



worin R\ R 2 , R 3 , R 4 , A und X jeweils wie oben definiert sind, und R| ist eine Imino-Schutzgruppe, 
25 Oder Salze davon, einer Eliminierungsreaktion der Imino-Schutzgruppe von R| , um zu einer 

Verbindung der Formel 



30 



A-X-R 



Cjdi) 



35 



40 



45 



SO 



zu gelangen, worin R\ R 2 , R 3 , R 4 . A und X jeweils wie oben definiert sind, Oder Salzen davon; und 
(d) Unterwerfen einer Verbindung der Formel 




worin R\ R 3 , R*. R 5 . A und X jeweils wie oben definiert sind. und Rf, ist geschutztes Hydroxy(Ci- 
C6)-alkyl oder Salze davon, einer Eliminierungsreaktion der Hydroxy-Schutzgruppe an R| , um zu 
einer Verbindung der Formel 
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A-X-R 



10 



zu gelangen, worin R\ R 3 , R*. R s , A und X jeweils wie oben definiert sind und R% ist Hydroxy(Ci 

C6)-alkyl t Oder Salze davon; und 

(e) Umsetzung einer Verbindung der Formel 



75 



20 




' N 



+ 



A-X-R 



NH 



R 



25 worin R\ R 2 , R 3 , R 4 , A und X jeweils wie oben definiert sind, Oder Salze davon mit einem Ci-C6- 

Alkanimidoylierungsmittel, um zu einer Verbindung der Formel 



30 



35 



R 2 J A-X-R 4 



O 1 

R 1 



zu gelangen, worin R\ R 2 , R 3 t R*. A und X jeweils wie oben definiert sind, und Rjj ist Ci-Cc- 
40 Alkanimidoyl, Oder Salze davon. 

15. Pharmazeutische Zusammensetzung, die als aktiven Bestandteil eine Verbindung nach Anspruch 1 
umfafit im Gemisch mit einem pharmazeutisch annehmbaren Trager Oder Exzipienten. 

45 16. Verbindung nach Anspruch 1 zur Verwendung als Medikament. 

17. Verbindung nach Anspruch 1 zur Verwendung bei der Behandlung infektioser Krankheiten. 

18. Verbindung der Formel 

50 



55 - 



HS 




A-X-R" 



\ 
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worin R 4 ,R S , A und X jeweils wie oben definiert sind Oder Salze davon. 



19. Verfahren zur Herstellung einer Verbindung der Formel 



4 

A-X-R 



us 





worin R*. R s . A und X jeweils wie oben definiert sind, oder von Salzen davon, dadurch gekennzeichnet, 
dafl eine Verbindung der allgemeinen Forme! 



A-X-R 




worin R*. R 5 , A und X jeweils wie oben definiert sind und R 6 eine Mercapto-Schutzgruppe ist, oder 
Salze davon t einer Eliminierungsreaktion der Mercapto-Schutzgruppe von R 6 unterworfen wird. 

Patentanspriiche fur folgenden Vertragsstaat : ES 

1. Verfahren zur Herstellung einer Verbindung der Formel 



worin R 1 Carboxy oder geschutztes Carboxy darstellt, R 2 ist Hydroxy(Ci -C4 )-alkyl oder geschutztes 
Hvdroxy(Ci-C4)-alkyl, R 3 ist Wasserstoff Oder Ci-Cs-Alkyl, 

R 4 ist geschutztes Oder ungeschutztes Hydroxy (Ci -C^J-alky I; geschutztes oder ungeschutztes Hydroxy- 
(Ci-Ci)-alkyl mit geschutztem oder ungeschutztem Amino; Halo(Ci -C$)-alkyl; geschutztes oder unge- 
schutztes Carbamoyl(Ci-C6)-alkyl; geschutztes oder ungeschutztes Amino(Ct -Ce )-alkyl; geschutztes 
oder ungeschutztes Ureido(Ci -Cc )-alkyl; geschutztes Oder ungeschutztes Ureidocarbonyl(Ci -Ce )-alkyl; 
TriazolyKCi-Cehalkyl; eine gesattigte Oder ungesattigte 5- oder 6-gliedrige heteromonocyclische Grup- 
pe, die 1 bis 4 Stickstoffatome enthalt oder 1 bis 2 Schwefelatome und 1 bis 3 S tickstoff atom e, worin 
die genannte heterocyclische Gruppe substituiert sein kann durch geeignete Substituenten, ausgewahlt 
unter (Ci -CsJ-Alkyl, Amino, Amino(Ci -Ce)-alkyl; Mono-[oder Di-)(Ci -Cs )-alkylamino t Mono-(oder Di)(Ci- 
C6)-alkylamino(Ct-C6)-alkyl und die Imino-Schutzgruppe; oder Ci-C$-Alkylsulfonyl; 
R 5 ist Wasserstoff, Ci -Cs-Alkanimidoyl Oder Imino-Schutzgruppe, 
A ist Ci-C4-Alkylen t und 

X ist Schwefel, Sauerstoff. Imino Oder geschutztes Imino, vorausgesetzt, dafi wenn X Sauerstoff ist. R 4 
nicht "geschutztes oder ungeschutztes Ureido(Ci -C6)-alkyi" ist, und Salze davon. gekennzeichnet 
durch 
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w 



(a) Reaktion einer Verbindung der Formel 

o JXj>= o 



(JT) 



worin R\ R 2 und R 3 jeweils wie oben definiert sind Oder eines reaktionsfahigen Derivates an der 
Oxo-Gruppe davon oder Salze davon mit einer Verbindung der Formel 



is 



20 



A-X-R 



HS 



25 



worin R* , R 5 , A und X jeweils wie oben definiert sind, oder Salze davon, urn zu einer Verbindung der 
Formel 



30 



35 




zu gelangen, worin R\ R 2 , R 3 , R*. R 5 , A und X jeweils wie oben definiert sind, oder Salze davon; 
und 

(b) Unterwerfen einer Verbindung der Formel 



40 



45 




so worin R 2 , R 3 , R 4 . R 5 . A und X jeweils wie oben definiert sind, und Rj geschutztes Carboxy darstellt. 

oder Salze davon, einer Eliminierungsreaktion der Carboxyschutzgruppe an Ri . urn zu einer 
Verbinding der Formel 



55 
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zu gelangen, worin R 2 R 3 , R 4 , R 5 , A und X jeweils wie oben definiert sind. Oder Salze davon; und 
(c) Unterwerfen einer Verbindung der Formel 




worin R\ R 2 , R 3 , R 4 . A und X jeweils wie oben definiert sind, und Rf ist eine Imino-Schutzgruppe, 
Oder Salze davon, einer Eliminierungsreaktion der Imino-Schutzgruppe von R| , um zu einer 
Verbindung der Formel 



A-X-R 



zu gelangen, worin R\ R 2 , R 3 , R 4 , A und X jeweils wie oben definiert sind, Oder Salzen davon; und 
(d) Unterwerfen einer Verbindung der Formel 




(Te. ) 



worin R\ R 3 , R 4 , R 5 , A und X jeweils wie oben definiert sind, und R 2 , ist geschutztes Hydroxy(Ci- 
C6)-alkyl Oder Salze davon, einer Eliminierungsreaktion der Hydroxy-Schutzgruppe an R| , um zu 
einer Verbindung der Formel 
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zu gelangen, worin R\ R 3 , R*. R s , A und X jeweils wie oben definiert sind und R 2 , ist Hydroxy (Ci- 

Cchalkyl, oder Salze davon; und 

(e) Umsetzung einer Verbindung der Formel 




worin R\ R 2 , R 3 , R 4 , A und X jeweils wie oben definiert sind, oder Salze davon mit einem Ci-Ce- 
Alkanimidoylierungsmittel, um zu einer Verbindung der Formel 




zu gelangen, worin R\ R 2 , R 3 , R*. A und X jeweils wie oben definiert sind, und R£ ist Ct-Ce- 
Alkanimidoyl, oder Salze davon. 

Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel (I), worin 
R 2 die Bedeutung Hydroxy(Ci -C*)-alkyl hat, 
R 3 ist Wasserstoff oder Ci-C4-Alkyl, 

R* ist Carbamoyloxy(Ci-C4)-alkyl; {Phenyl(oder Nitrophenyl)-(C, -C4)-alkoxy]carbonyloxy(Ct -C^Jalkyl; 
[Triphenyl(C, -C*)-alkoxy](Ci -C*)-alkyl; [Tri(Ct -C4)-alkylsilyl]-oxy(Ct -UJ-alkyl; Hydroxy(C t -C*)-alkyl; 
Hydroxy(Ci-C*)-alkyl mit Amino- Oder Phenyl- (oder Nitrophenyl-)(Ci -C*)-alkoxycarbonylamino; Dihalo- 
(Ci -C*)-alkyl; Carbamoyl(Ci-C*)-alkyl; Trihalo(Ci -C4)-alkanoylcarbamoyl(Ct -C^J-alkyl; N-[Bis{(Ci -C4)- 
alkoxyphenyl}(Ci -C4)-alkyl]-carbamoyl(Ci -C4>-alkyl; Halosulfonylcarbamoyl(Ci -C4>-alkyl; Amino(Ci -C4)- 
alkyl; N-[Phenyl-(oder Nitrophenyl-)(Ci -C4)-alkoxycarbonyl]amino-(C, -C4>-alkyl; (Ci -C4)- 
Alkylsulfonylamino-(Ci -C4>-alkyl; Ureido(Ci -C4>-alkyl; Phenyl(C, -C4)-alkylureido(G -C4>-alkyl; 
Ureidocarbonyl(Ci -C4 )-alkyl, Phenyl(C t -C4 )-alkylureidocarbonyl(Ct -C4 )-alky I; Triazoly l(Ci -C4 )-alky I; eine 
gesattigte oder ungesattigte 5- oder 6-gliedrige heteromonocyclische Gruppe. die 1 bis 4 Stickstoffato- 
me enthalt oder 1 bis 2 Schwefelatome und 1 bis 3 Stickstoffatome enthalt, die Ci-C4-Alkyl, N t N-Di(Ci - 
C4)-alkylamino(C 1 -C4)-alkyl oder Phenyl- (oder Nitrophenyl-)(Ci-C4)-alkoxycarbonyl oder (C, -C4)-Alkyl- 
sulfonyl, haben kann; 

R s ist Wasserstoff oder Ci -C6-Alkanimidoyl, und 
A ist Ct-C^-Alkylen. 
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Verfahren nach Anspruch 2. worin 



VQliaiHOH i imw — r- — 

R3dieBedeutungC,-C*-Alkylhat.und H ydroxy(C, -C*)-8llcyl. mit Amino oder 

R* ist CaroamoyloxytC.-CO-alky.: Hydroxy(^ Amino(C,-CO- 
Nitropheny.<C,-C*>-a.koxycarbonylam^^^^ 



70 



4 Verfahren nach Anspruch 3. worin 
R2 die Bedeutung 1-Hydroxyethyl hat 



75 



R3 ist Methyl, Amino-2-hvdroxypropyl. Difluormethyl. Carbamoylrne- 

R* ist 2-Hydroxyethyl, ^C-^fZ^^^^lnJl 1.Dimeth y .ethy..2-(Methy.sulfony.amino - 
thy.. , -Carbamoyl-! -methy.ethyl. 2 ^^^^,^|. 1 .2.4-Triazolylrnethyl, Pyrro.id.nyl. 



A ist Methylen, und 
X ist Schwefel. Sauerstoff Oder Imino. 



25 6. 



A I51 gwino.w.,- 

carbonsaure. 
Sauerstoff. 

carbonsaure-Acetat. 
Imino. 

2-carbonsaure. 

«, 10. VertaWen nach Ansp.uO 2. -orin R> Wass.rs.off ist 

„: „ -* -pn- - R* - ^ — ^ 

Gruppe ist. die 1 bis 4 Stickstoffstom(e) enthalt. 



30 



35 



50 



55 
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14. Verfahren zur Herstellung einer Verbindung der Formel 



A-X-IT 

-a . 



Or) 



worin R* R*. a und X jeweils wie oben definiert sind oder Salzen davon, dadurch gekennzeichnet daB 
eine Verbindung der allgemeinen Formel 



-a 



A-X-R 4 



worin R*. RS. A und X jeweils wie oben definiert sind und R« eine Mercapto-Schutzgruppe ist Oder 
Salze davon. einer Eliminierungsreaktion der Mercapto-Schutzgruppe von R* unterworfen wird. 

Patentanspruche fur folgenden Vertragsstaat : GR 

1. Verfahren zur Herstellung einer Verbindung der Formel 




fr, 



worin R' Carboxy oder geschutztes Carboxy darstellt. R* ist Hydroxy (C-CO-alkyl oder geschutztes 
Hydroxy(C, -C*>-alkyl, FP ist Wasserstoff oder C-Cs-Alkyl. 

R* ist geschiJtztes oder ungeschutztes Hydroxy(C, -C* )-alkyl; geschutztes oder ungeschutztes Hydroxy- 
(C,-C*)-alkyl m.t geschutztem oder ungeschutztem Amino: Halo(C,-C«)-aIkyl; geschutztes oder unge- 
schutztes CarbamoyKC-CsJ-alkyl; geschutztes oder ungeschutztes AminofC.-CsJ-alkyl- geschutztes 
oder ungeschGtztes Ureido(C, -CsJ-alkyl; geschutztes oder ungeschutztes Ureidocarbonyl(C, -Cs)-alkyl- 
Tr.azolyl(C,-C6)-alkyl; eine gesattigte oder ungesattigte 5- oder 6-gliedrige heteromonocyclische Grup- 
pe. die 1 bis 4 Stickstoffatome enthalt oder 1 bis 2 Schwefelatome und 1 bis 3 Stickstoffatome worin 
d.e genannte heterocyclische Gruppe substituiert sein kann durch geeignete Substituenten. ausgewahlt 
unter (C-CsMlkyl. Amino. Amino(C, -CsJ-alkyl; Mono-(oder Di-)(C, -C« )-alkylamino. Mono-(oder Di)(C,- 
C6)-alkylamino(Ci-Cs)-alkyl und die Imino-Schutzgruppe; oder C, -Cs -Alkylsulfonyl; 
R s ist Wasserstoff. Ci-Cs-Alkanimidoyl Oder Imino-Schutzgruppe. 
A ist Ct -Ct-Alkylen, und 

X ist Schwefel, Sauerstoff, Imino Oder geschiitztes Imino. vorausgesetzt, daB wenn X Sauerstoff ist R* 
nicht -geschutztes oder ungeschutztes Ureido(C, -Cs J-alkyl" ist. und Salze davon. gekennzeichnet 

durch 
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(a) Reaktion einer Verbindung der Formel 



R , R2 und R 3 ievV eils wie oben definiert sind Oder eines reaktionsfahigen Derivates an der 

Oxo-Gruppe davon Oder Salze davon mit einer Verbindung der Formel 



wonn 



A-X-R 



N — N. 



fun 



wonn 
Formel 



in R\ R 5 . A und X jeweils wie oben definiert sind. oder Salze davon, urn zu einer Verbindung der 



R" 
I 



A-X-R 




N — // 



fx) 



N 



*l O 



V 



zu gelangen, worin R\ R 2 , R 3 , R*. R s . A und X jeweils wie oben definiert sind. oder Salze davon; 
und 

(b) Unterwerfen einer Verbindung der Formel 




worin R 2 R 3 R* R s A und X jeweils wie oben definiert sind. und K geschutztes Carboxy darstellt. 
oder Sa'lze 'davon. einer Eliminierungsreaktion der Carboxyschutzgruppe an Ra . urn zu e.ner 
Verbindung der Formel 
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zu gelangen, worin R 2 , R 3 , R*, R 5 , A und X jeweils wie oben definiert sind. Oder Sal2e davon; und 
(c) Unterwerfen einer Verbindung der Forme) 




worin R\ R 2 , R 3 , R 4 , A und X jeweils wie oben definiert sind, und R* ist eine Imino-Schutzgruppe, 
Oder Salze davon, einer Etiminierungsreaktion der Imino-Schutzgruppe von Rf , um zu einer 
Verbindung der Formel 




zu gelangen, worin R\ R 2 , R 3 , R*. A und X jeweils wie oben definiert sind, Oder Salzen davon; und 
(d) Unterwerfen einer Verbindung der Formel 



R' 




worin R\ R 3 , R\ R 5 , A und X jeweils wie oben definiert sind, und Rf ist geschutztes Hydroxy(Ci- 
Cc)-alkyl Oder Salze davon, einer Eliminierungsreaktion der Hydroxy-Schutzgruppe an R§ , um zu 
einer Verbindung der Formel 
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zu gelangen. worin R<, R*. R\ R s . A und X jeweils wis oben definiert sind and R§ ist Hydroxy(C- 

CeJ-alkyl. Oder Salze davon; und 

(e) Umsetzung einer Verbindung der Formel 




fr«o 



worin R' R* R 3 . R». A und X jeweils wie oben definiert sind. Oder Salze davon mit einem C-C- 
Alkanimidoylierungsmittel. urn zu einer Verbindung der Formel 



2 ^ A-X-R 4 



R 

zu gelangen. worin R\ ff. R 3 . A und X jeweils wie oben definiert sind. und Rg ist C.-ft- 

Alkanimidoyl. oder Salze davon. 

Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel (.). worin 
R 2 die Bedeutung Hydroxy (Ci-CU)-alky I hat. 

R3 ist Waswrstoff Oder C,-C^.^yl. ^heny^c.-CchaltoxylcarbonyloxyCC.-Cc^alkyl: 

Ureidocarbonyl(C,-C4)-alkyl. Phenyl^, ^) * y n _ GruDDe die 1 bis 4 Stickstoffato- 

wX»lSc,-C.).aW <*er N i t,ophen»|.)(C,-C)-alKo«»c»b«-,. od« (C-O-WKy. 

sulfonyl, haben kann; 

R 5 ist Wasserstoff oder Ci -Cc -Alkanimidoyl. und 
A ist C.-C*-Alkylen. 
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3. Verfahren nach Anspruch 2, worin 

R 3 die Bedeutung Ci-C*-Alkyl hat, und 

R' ist Carbamoy!oxy(Ci-C*)-alkyl; Hydroxy(Ci -C* )-alkyl; Hydroxy(Ci -C*)-a)kyl mit Amino Oder 
Nitrophenyl(Ci-C<)-alkoxycarbonylamino; Difluor(Ci -Ci)-alkyl; Carbamoyl(Ci -C*)-alkyl; Amino(Ci -C*)- 
s alkyf; N-[Nitrophenyl(Ci -C*)-a!koxycarbonylamino<Ci -C*)-alkyl; (Ci -C4>-Alkylsulfonylamino(Ci -C*)-alkyl; 

Ureido(Ci-C4)-alkyl; Ureidocarbonyl(Ci -C*)-a!kyl; Triazolyl(Ci -CO-alkyl; Tetrazolyl, Pyrrolidinyl, Thiadia- 
zolyl Oder Tetrazolyl, worin die genannten heterocyclischen Gruppen Ci-C*-Alkyl. N,N-Di(Ci -C*)- 
alkylamino-(Ci-C*)-a(kyl oder Nitrophenyl(Ci -C*)-alkoxycarbonyl haben kdnnen; oder (Ci -C*)-Alkylsul- 
fonyl. 

10 

4. Verfahren nach Anspruch 3, worin 

R 2 die Bedeutung 1-Hydroxyethyl hat, 
R 3 ist Methyl, 

R 4 ist 2-Hydroxyethyl, 2-Carbamoyloxyethyl, 3-Amino-2-hydroxypropyl, Difluormethyl, Carbarn oy I me* 
is thy I, 1-Carbamoyl-1-methylethyl, 2-Aminoethyl, 2-Amino-1 ,1-Dimethylethyl,2-(Methylsulfonylamino)- 

ethyl,2-Ureidoethyl,1 ,1 -Dimethyl-2-ureidoethyl, Ureidocarbonylmethyl, 1 ,2,4-Triazolylmethyl, Pyrrolidinyl, 
Thiadiazolyl, 1-Methyl-1H-tetrazolyl. 1-[2-(N,N-Dimethylamino)ethyl]-1H-tetrazolyl oder Methylsulfonyl, 
A ist Methylen, und 
X ist Schwefel, Sauerstoff oder Imino. 

20 

5. Verfahren nach Anspruch 4 zur Herstellung der Verbindung (4R,5S,6S)-3-[(2S.4S)-2-{(2-Ureidoethyl)- 
thiomethy1}-pyrrolidin-4-yl]thio-6-[(1R)-1-hydr^^ 

carbonsaure. 

25 6. Verfahren nach Anspruch 4, worin R 4 die Bedeutung 2-Hydroxyethyl, 2-Carbamoyloxyethyl, Carbamoyl- 
methyl, 1 -Carbamoyl-1 -methylethyl, 2-Aminoethyl oder 2-(Methylsulfonylamino)ethyl hat, und X ist 
Sauerstoff. 

7. Verfahren nach Anspruch 6 zur Herstellung der Verbindung (4R,5S,6S)-3-[2S,4S)-(2-Aminoethyloxyme- 
30 thyl)-pyrrolidin-4-yl]thio-6-[(1 R)-1 -hydroxyethyl]-4-methyl-7-oxo-1 -azabicyclo[3.2.0]hept-2-en-2- 

carbonsaure-Acetat. 

8. Verfahren nach Anspruch 4, worin R 4 die Bedeutung 2-Ureidoethyl oder Methylsulfonyl hat und X ist 
Imino. 

35 

9. Verfahren nach Anspruch 8 zur Herstellung der Verbindung (4R,5R,6S)-6-[(1R)-1-Hydroxyethyl]-4- 
methyl-7-oxo-3-[(2S,4S)-2-{2-ureidoethylaminomethyl}pyrrolidin-4-yl]thio-1-azabicyclo[3.2.0]hept-2-en- 
2-carbonsaure. 

40 10. Verfahren nach Anspruch 2, worin R 3 Wasserstoff ist. 

11. Verfahren nach Anspruch 10, worin R 4 eine ungesattigte 5- oder 6-gliedrige heteromonocyclische 
Gruppe ist, die 1 bis 4 Stickstoffatom(e) enthalt. 

45 12. Verfahren nach Anspruch 11, worin R 2 die Bedeutung 1-Hydroxyethyl hat, R 4 ist Pyridyl, R 5 ist 
Wasserstoff, A ist Methylen und X ist Schwefel. 

13. Verfahren nach Anspruch 12 zur Herstellung der Verbindung (5R,6S)-6-[(1 R)-1-Hydroxyethyl]-7-oxo-3-[- 
(2S,4S)-2-{pyridin-4-ylthiomethyl)pyrrolidin^ 

50 



55 
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14. Verfahren zur Herstellung einer Verbindung der Formel 



A-X-R 



hs -0 



10 



worin R\ R 5 , A und X jewei.s wie oben definiert sind Oder Salzen davon. dadurch gekennzeichnet. daB 
eine Verbindung der allgemeinen Formel 



is 



A-X-R 



20 




0^ ) 



^^Znel^e Form gebracht wird durch Vermischen oder Presentation der Verbmdung m,t 
einem pharmazeutisch annehmbaren Trager oder Exzipienten. 

30 Revendications _ __ fiB |T ,. LU ml, SE 

Revendications pour les Etats contractants su.vants : AT, BE, CH, DE, FR, GB, IT, LI, lu, ni_ s 

1. Compose de la formute : 



35 



40 



R 2 



— s — 



A-X-R 4 




(I) 



45 dans laquelle 

R 1 est un carboxy ou un carboxy protege, ^ t 

R2 est un hydroxy(Ci-C4)alkyle ou un hydroxy(C, -GOalkyle protege, 



50 



55 



oa, un nSstbS^nB app'oprtfe chofcis pam» (C-COalkyl. amino. a m ino(C,.C)a 1 K, te . 
™nHo. « <C.SXSnto. n,on P o-V « (CCWaminolC-OaM. - <W -»- 

protecteur; ou un (Ci-Cs)alkylsulfonyle; 

R5 est un hydrogfcne. un (C, -Cs )aicaneimidoyle ou un groupe .mino-protecteur, 
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A est un (Ci -C*)a!cyl£ne et 

X est un soufre, un oxygene, un imino ou un imino protege, 

a condition que 

lorsque X st un oxygene, 

alors R 4 est un w ureido(Ci-C6)alkyle protege ou non protege rt , 
et les sels de celui-ct acceptables sur le plan pharmaceutique. 

Compose selon la revendication 1 , dans lequel 

R 2 est un hydroxy(Ci-C*)alky1e, 

R 3 est un hydrogene ou un (Ci -C4)alkyle, 

r* est un carbamoyloxy(Ci-C4)alkyle; un (phenyl- (ou nitrophenyl-) (Ci -C*)alcoxy]carbonyloxy(Ci -C*)- 
alkyle; un [triphenyl(Ct -C*)alcoxy](Ci -Ci)alkyle; un [tri(Ci -C*)alkylsilyl]oxy(Ct -COalkyle; un hydroxy(C- 
C*)alkyle; un hydroxy(Ci-C*)alkyle ayant un amino ou un phenyl- (ou nitrophenyl-) (C1-C4)- 
alcoxycarbonylamino; un diha!o(Ci -Ctjalkyle; un carbamoyl(Ci -C*)alkyle; un trihalo(Ct -C4)- 
alcanoylcarbamoyl(Ci-C*)alkyle; un N-[bis{(C t -C4)alcoxyphenyl}(Ci -C4)alkyl]carbamoyl(Ci -C^Jalkyle; 
un halosulfonylcarbamoyl(Ci-C4)alkyle; un amino(Ci -Cijalkyle; un N-[phenyl (ou nitrophenyl-)(Ci -C4)- 
alcoxycarbonyl]amino(Ci-C4)alkyle; un (Ci -C*)alkylsulfonylamino(Ci -C*)alkyle; un ureido(Ci-C4)alkyle; 
un phenyl(Ci -C4)alkylureido(Ci -C4)alkyle; un ureidocarbonyl(Ci -Cijalkyle; un phenyl(Ci -Ch- 
alky lureidocarbonyl(Ct-C4)alkyle; un triazolyl(Ci -C4>alkyle; un groupe heteromonocyclique sature ou 
insature a 5 ou 6 Elements contenant 1 a 4 atomes d'azote ou contenant 1 a 2 atomes de soufre et 1 a 
3 atomes d'azote. qui peut avoir un (Ci -C4)alkyle. un N.N-di(Ci -C4)alkylamino(Ci-C*)alkyle ou un 
phenyl- (ou un nitrophenyl-) (Ci -C4)alcoxycarbonyle; ou un (Ci -C4)alkylsulfonyle; 
R 5 est un hydrogene ou un (Ci -C4)alcaneimidoyle, et 
A est un (Ci -C4)alcylene. 

Compose selon la revendication 2, dans lequel 
R 3 est un (Ci -C4)alkyle et 

R* est un carbamoyloxy(Ci-C4)alkyle; un hydroxy (Ci -C4)alkyle; un hydroxy(Ci-C4)alkyle ayant un 
amino ou un nitrophenyl(Ci -C4)-alcoxycarbonylamino; un difluoro(Ci -C4)alkyle; un carbamoyl(Ci -C4)- 
alkyle; un amino(Ci -C4)alkyle; un N-[nitrophenyl(Ci -C4)aIcoxycarbonylamino(Ci -C4)alkyle; un (C1-C4)- 
alkylsulfonylamino(Ci-C4)alkyle; un ureido(Ci -Cijalkyle; un ureidocarbonyl(Ci -C4)alkyle; un triazolyl(Ci - 
C4)alkyle; un tetrazolyle, un pyrrolidinyle, un thiadiazolyle ou un tetrazolyle, ou lesdits groupes 
heterocycliques peuvent avoir un (Ci -C4)alkyle, un N,N-di(Ci -C*)alkylamino(Ct -C4)alkyle ou un 
nitrophenyl(Ci-C4)alcoxycarbonyle; ou un (Ci -C4)alkylsulfonyfe. 

Compose selon la revendication 3, dans lequel 
R 2 un hydroxyethyle. 
R 3 est un methyle, 

R 4 est un 2-hydroxyethyle, un 2-carbamoyloxyethyle, un 3-amino-2-hydroxypropyle, un difluoromethyle, 

un carbamoylmethyle, un l-carbamoyl-1-methylethyle, un 2-aminoethyle, un 2-amino-1 ,1-dimethylethy- 

le, un 2-{methylsulfonylamino)ethyle f un 2-ureidoethyle. un 1 ,1-dimethyl-2-ureidoethyle f un ureidocarbo- 

nylmethyie. un 1 ,2,4-triazolylmethyle, un pyrrolidinyle, un thiadiazolyle, un 1-methyl-1H-tetrazolyle. un 

1-[2-(N,N-dimethylamino)ethyl]-1H-tetrazolyle, ou un methylsulfonyle. 

A est un methylene, et 

X est un soufre. un oxygene ou un imino. 

Compose selon la revendication 4, qui est I'acide (4R,5S.6S)-3-[(2S,4S)-2-{(2-ureidoethyl)- 
thiomethyl}pyrrolidin-4-yl]thio-6-{(1 R) : 1 -hydroxyethyl]-4-methyl-7-oxo-1 -azabicyclo[3.2.0]hept-2-ene-2- 
carboxylique. 

Compose selon la revendication 4, dans lequel 

R 4 est un 2-hydroxyethyle, un 2-carbamoyloxyethyle. un carbamoylmethyle, un 1-carbamoyl-1-methyle- 
thyle. un 2-aminoethyle ou un 2-(methylsulfonylamino)ethyle et 
X est un oxygene. 

Compos** selon la revendication 6. qui est I'acetate de racide (4R,5S.6S)-3-[(2S.4S)-2-(2-aminoethy- 
loxymethyl)pyrrolidin-4-yl]thio-6-[(1 R)-1 -hydroxyethyl]4-methyl-7-oxo-1 -azabicycio[3.2.0]hept-2-£ne-2- 
carboxylique. 
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8. Compose selon la revendication 4, dans lequel 
R* est un 2-ureidoethyle ou un methylsulfonyle et 
X est un imino. 

9. Compos* se.on .a revendication 8. qui est Odd. <4R^SHWHM-«^^ 
^S.W^-ureidoethyOaminomeW 

carboxylique. 

10. Compose selon la revendication 2. dans lequel 
R 3 est un hydrogene. 

11 - £:r» ~Tn s rn . ou . «— - « , » . 

12. Compose selon la revendication 11. dans lequel 
R 2 est un 1-hydroxyethyle, 

R 4 est un pyridyie, 
R 5 est un hydrogene, 
A est un methylene, et 
X est un soufre. 

13. Compose selon la revendication 12, qui est I'acide ( 5R.6S)-6-[(1R)-1-hydroxyethyll-7-oxo-3-l(2S.4S)-2- 

14. Precede pour la preparation d*un compose de la formula : 
R J R 1 A-X-R 4 

dans laoue.le H' » (?. A « X son. definis comtn, dans la indication , et les s.l, de c.lu.-ci. qui 

comprend de : 

(a) faire reagir un compose de la formule 

R 2 y R 3 



to 



5 



i5 



x r« <"> 

dans laquel.e R', R 2 et R' sont chacun comme defini ci-dessus. ou un derive reactif de celui-ci au 
groupe oxo, ou les sels celui-ci, avec un compose de la formule : 
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HS 



A-X-R 4 



dans laquelle R*. R s , A et X sont chacun comma defini ci-dessus ou les sels de 
dormer un compose de la formula : 



(III) 



celui-ci, pour 



R 2 

\ 




// N 



R 3 



A-X-R 4 



dans laquelle R\ R 2 , R3. R* , R 5 , A et X sont chacun comme d<§fini ci-dessus. ou les 



et de 

(b) soumettre un compose de la formule : 



(I) 



sels de celui-ci; 



R* R 3 



R'. N 



A-X-R 4 



(la) 



dans laquelle R*. R3. R*. rs. A et X sont chacun comme defini ci-dessus. et R' est un carboxv 
protege, ou les se.s de celui-ci. a une reaction domination du groupe ca box ^^otecteurTur R" 
pour donner un compose de la formule : «-«ooxy protecteur sur R a 



R< R . 



A-X-R 4 



COOH 



(lb) 



dans laquelle R 2 , R3. R* , R s , A et X sont chacun comme d<§fini ci-dessus. 



ou les sels de celui-ci; et 
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(c) de soumettre un compose de la formule : 



A-X-R 4 



S R' 



R 5 . 



(Ic) 



dans laquelle R 1 , R 2 , R 3 , R* , A et X sont chacun comma defini ci-dessus, et Ri est un groupe imino- 
protecteur, ou les s'els de celui-ci. a une reaction d'elimination du groupe imino-protecteur de R a 
pour donner un compose de la formule : 



R' 



R' 



A-X-R 4 




NH 



(Id) 



dans laquelle R\ R 2 , R 3 , R* , A et X sont chacun comme defini ci-dessus, ou les sels de celui-ci; et 
de 

(d) soumettre un compose de la formule : 




A-X-R 4 



S — ' 




(Ie) 



dans laquelle R\ R 3 , R*. R s , A et X sont chacun comme defini ci-dessus, et Rf, est un groupe 
hydroxy(C,-Cs)alkyle' protege, ou les sels de celui-ci, a une reaction d'elimination du groupe 
hydroxy-protecteur sur R| pour donner un compose de la formule : 



R\ R' 

* - 

o' V R' R 5 




A-X-R 4 



(If) 



dans laquelle R\ R 3 . R*. R 5 , A et X sont chacun comme defini ci-dessus et Rf. est un hydroxy(Ci- 
Ce)alkyle. ou les sels de celui-ci; et de 
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^fairer^agfroocompo^delaformu/e 



R J R1 



A-X-R< 
NH 



TO 



TS 



(Id) 



dans laquelle R>, R * R3 Rt . 

A-X-R< 




35 



(Ig) 

dans laquelle R' R2 R 3 r * 

,. s Ms ce(u « X »„, chac„„ com me <*r M a ^„ us „ „, ^ ^ (c ^ 

" ~ actif. „ compose * , a 

."-Z: 2-^--—... 



HS-< 




A-X-R< 



4S dans laquelle R«, rs AafYe „„, „ 

■ « . a et X sont chacun comme ttefini ^ 



so 



55 



HS 




A-X-R* 



CIII) 



(III) 



dans laquelle R*, rs « an , 
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de soumettre un compose de la formule : 



w 



R 6 -S- 




(Illa) 



dans laquelle R 4 , R 5 , A et X sont chacun comme defini ci-dessus et R 6 est un groupe mercapto- 
protecteur, ou les sets de celui-ci. a une reaction d'elimination du groupe mercapto-protecteur R 6 . 



r5 Revendications pour I'Etat contractant suivant : ES 
1. Procede pour preparer un compose de la formule : 



A-X-R< 




(I) 



dans laquelle 
30 R 1 est un carboxy ou un carboxy protege, 

R 2 est un hydroxy(Ci -C*)alkyle ou un hydroxy(Ci -COalkyle protege, 
R 3 est un hydrogene ou un (Ci -Csjalkyle, 

R* est un hydroxy(Ci -Cs )alkyle protege ou non protege; un hydroxy(Ci -Cejalkyle protege ou non 
protege ayant un amino protege ou non protege; un halo(Ci -Ce)alkyle; un carbamoyl(Ci -C6)alkyle 

35 protege ou non protege; .un amino (Ci -Ce )alkyle protege ou non protege; un ureido(Ci -Ce)alkyle 

prot6g§ ou non protege; un uretodocarbonyl(Ci -Cs)alkyle protege ou non protege; un triazolyl(Ci -Cs)- 
alkyle; un groupe heteromonocyclique sature ou insature a 5 ou 6 elements contenant 1 a 4 atomes 
d'azote ou contenant 1 a 2 atomes de soufre et 1 a 3 atomes d'azote. ou ledit groupe heterocyclique 
peut etre substitue par un ou des substituants appropries choisis parmi (Ci -Cejalkyl, amino, amino(Ci- 

40 Ce)alkyle, mono- (ou di-) (Ci -CsJalkylamino, mono- (ou di-) (Ct-C6)alkylamino(Ci -Cs)alkyle et groupe 
imino-protecteur; ou un (Ci -Chalky Isulfonyle; 

R 5 est un hydrogene, un (Ci-Ce)alcaneimidoyle ou un groupe imino-protecteur, 
A est un (Ci -C^alcylene et 

X est un soufre, un oxyg&ne, un imino ou un imino protege, 
45 a condition que 

lorsque X est un oxygene, 

alors R 4 est un "ureido(Ci -Cs)alkyle protege ou non protege", 
et les sets de celui-ci, qui comprend de : 
(a) faire reagir un compose de la formule 

50 
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dans (aquelle R\ R 2 et R3 SO nt chacun comme defini ci-dessus. ou un derive reactif d« 

group oxo. ou les sels celui-ci. avec un compose de la formule : ° * U 



HS 




A-X-R' 



dans laquelle R*, R 5 , A et X sent chacun comme defini ci-dessus ou les «*« , ■ ■ 
donner un compost de la formule : Se ' S de ce,u, - a - 



pour 



Ri R1 A-X-R' 

° R' X R* 



dan. laquelle R-. R 2 , H». R* , R s , A et X sont chacun comme defini ci-dessus. ou .es se.s de ce.ui-ci; 
(b) soumettre un compose de la formule : 



A-X-R< 




dans laquelle R z . R3. R*. R s , A et X sont chacun comme defini ci-dessus at R< 



A-X-R 4 



COOH Nv r* 

dans .aquene R 2 . h>, rs. A et X sont chacun commQ ^ c _ ^ ^ ^ ^ ^ 
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(c) de soumettre un compose de la formule 



R 3 



m- - 




A-X-R 4 



R 5 . 



dans laquelle R\ R 2 , R 3 , R* , A et X sont chacun comme defini ci-dessus, et Rf est un groupe imino- 
protecteur, ou les sels de celui-ci, a une reaction domination du groupe imino-protecteur de R 5 
pour donner un compose de la formule : 




R 3 



A-X-R 4 
V-NH 



dans laquelle R\ R 2 , R 3 , R* , A et X sont chacun comme defini ci-dessus, ou les sels de celui-ci; et 
de 

(d) soumettre un compose de la formule : 



O > R' ] 



A-X-R 4 



dans laquelle R\ R 3 , R 4 , R s , A et X sont chacun comme defini ci-dessus t et R 2 est un groupe 
hydroxy(Ci-C6)alkyle protege, ou les sels de celui-ci, & une reaction domination du groupe 
hydroxy-protecteur sur R 2 pour donner un compost de la formule : 



R'b R s 

t& - 




A-X-R< 



N R S 



dans laquelle R\ R 3 , R* t R 5 , A et X sont chacun comme defini ci-dessus et R 2 , est un hydroxy <d 
Cejalkyle, ou les sels de celui-ci; et de 
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(•> *r. reag/r un COmpQs6 de ^ 




A-X-R' 



dans /aquelle R\ R 2 R3 _ fl * 



20 




A-X-R' 



dans laquelle R 1 R 2 R3 r4 

a,cane imidoy( e ou ,es se.s de 'ce £Z *"* ^ COmme d-dessus et R| est un (C ^ 

" est un carbamoyloxy(Ci-C A ^ii/w/ 

un Ha.osu.fonyJrbao.oyic ^"iX,.? 4 *'^ - C *> a ' c °*^C}^ U " triha ' 0 ^, -C. - 

alcoxycarbonyljaminorc, -C L«T , V ' U " amin °(C, -C<)alkyi e - J m r ™^' car bamoyl( Cl -C»)alkyle- 

alk y'"reidocarbon y l(C,^Oa/kvX , ^ ^ U " ur « id °«rbon^C, C S ,' Ureido ( C '-C)alkyle; 
Phenyl- (ou un nitropUy, ^ c ^ (C ' • C *> a,k ^. un N.I^SSSil ^ *«*•«' * 

ou - 

R est un carbamoyloxWC C ) il- 

heterocycliques peuvent Z>- y ' e " un tniadiazolyle ou „n ^ , * )a,kyle; un triaz o'yl(C, - 

R 3 est un rru§thyle, 

y e ' un 2 - am,n o-'.i-dimethyiethy- 
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le. un 2-(methylsulfonylamino)ethyle, un 2-ureidoethyle, un 1.1-dimethy!-2-ureidoethyle, un ureidocarbo- 
nylm<§thyle. un 1 ,2,4-triazolylm<§thyle, un pyrrolidinyle, un thiadiazolyle. un 1-methyl-1 H-tetrazolyle un 

1- ^N.N-dimethylamino^thyH-IH-tetrazolyle, ou un methylsulfonyfe, 
A est un methylene, et 

X est un soufre, un oxygene ou un imino. 

5. Procede selon la revendication 4 pour preparer le compose acide (4R t 5S,6S)-3-[(2S,4S)-2-{(2-ureidoe- 
thyl)thiomethyl}pyrro!idin-4-y^ 

2- carboxylique. 

6. Procede selon la revendication 4, dans lequel 

R 4 est un 2-hydroxyethyle. un 2-carbamoyloxyethyle, un carbamoylmethyle, un 1-carbamoyM-methyle- 
thyle, un 2-aminoethyle ou un 2-(methylsulfonylamino)ethyle et 
X est un oxygene. 

7. Procede selon la revendication 6 pour preparer le compose acetate de I'acide (4R,5S,6S)-3-[(2S,4S)-2- 
(2-aminoethyloxymethyl)pyr^^ 

hept-2-ene-2-carboxylique. 

8. Procede selon la revendication 4, dans lequel 

R* est un 2-ureidoethyle ou un methylsulfonyle et 
X est un imino. 

9. Procede selon la revendication 8 pour preparer le compose acide (4R,5S.6S)-6-[(1 R)-1-hydroxyethyl]-4- 
methyl-7-oxo-3-[(2S 1 4S)-2-{(2-ureido^thyl)aminomethyl}pyrrolidin-4-yl]th 

ene-2-caroxylique. 

10. Procede selon la revendication 2, dans lequel R 3 est un hydrogene. 

11. Procede selon la revendication 10, dans lequel 

R 4 est un groupe heteromonocyclique insature a 5 ou 6 elements contenant de 1 a 4 atomes d'azote. 

12. Procede" selon la revendication 11, dans lequel 
R 2 est un 1-hydroxyethyle, 

R* est un pyridyle, 
R 5 est un hydrogene, 
A est un methylene, et 
X est un soufre. 

13. Procede selon la revendication 12, pour preparer le compose acide (5R,6S)-6-[(1R)-l-hydroxyethyl]-7. 

oxo-3-[(2S,4S)-2-(pyridin-4-ylthiomethyl)pyrrolidin-4-ylthioh1-azabicyclo[3.2.0]hept-2-ene-2- 
carboxylique. 

14. Procede pour la preparation d'un compose de la formule : 



dans laquelle R\ R s , A et X sont chacun comme defini ci-dessus ou les sels de celui-ci t qui comprend 
de soumettre un compose de la formule : 



A-X-R 4 




R s 



(III) 
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A-X-R« 



5 



Cilia) 

dans laquelle R\ rs a at y u 

protecteur, ou les sels de Slui^J^ C ° mme d * fini cWeaus «t R* est un 

ce.u.-c,. a una reacfon domination du groupe mercal n V** merCa P t0 * 
"evocations pour ,- Etat constant su.vant : OR ™™»<>- P ro< ecteur 
1- Proced. pour preparer un compos , de „ ^ 




^ s 




A-X-R* 



(I) 



dans laquelle 

A est un (Cl -Oateylene et ' ^ ,a,Caneimid °V'e ou un groupe 

'Tiino-protecteur 

iZZ^ue " ° Xy9&ne - U " imin ° ° U - **» protege, 
'orsque X est un oxygene 

(a) fare reagir un compose de la formule 



dans laquelle R 1 R2 et R3 co „. . 
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70 dans laquelle R 4 , R s , A et X sont chacun comme defini ci-dessus ou les sels de celui-ci, pour 

donner un compost de la formule : 



/5 



20 



x rr />- s 




A-X-R' 



25 



dans laquelle R\ R 2 , R 3 , R\ R 5 , A et X sont chacun comme defini ci-dessus, ou les sels de celui-ci; 
et de 

(b) soumettre un compose de la formule : 




35 dans laquelle R 2 , R 3 , R 4 . R 5 , A et X sont chacun comme defini ci-dessus, et Rg est un carboxy 

protege, ou les sels de celui-ci, & une reaction d'elimination du groupe carboxy-protecteur sur R^ 
pour donner un compose de la formule : 



40 



45 



A-X-R 4 



> N COOK R s 



50 



55 



dans laquelle R 2 , R 3 f R 4 , R s , A et X sont chacun comme defini ci-dessus, ou les sels de celui-ci; et 
(c) de soumettre un compose de la formule : 




<3 



A-X-R 4 



R 5 . 
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dans laquelle R\ R2, R3 R 4 a t Y 

P^tecteur. ou ,es se.s de ce.u" ? ^n^SSST^^ " ^ « ^ 

pour donner un compose de la formule : el.rn.nat.on du groups imino-protecteur de R s 



R 2 



A-X-R* 
NH 



dans laquelle R', R 2 . rs, R*. a et X 



de 



(d) soumettre un compose de la formule : 



sont chacun comme defini ci-dessus. ou les 



sels de celui-ci; et 



R 2 . 



A-X-R' 



dans laquelle R\ R 3 , R* ( rs a t y Qnnf 

hydroxWC-C^JalMe protege! ou les ^T^7 ^ « est un groupe 
hydroxy-protecteursurRf pour donner un com^^ta'imS ..'^ d ^ mination «> °roupe 




A-X-R' 



N 



dans laquelle R\ R3, R * RS A ef y 

Csja.kyle, ou les se.s de ce.uUi; et de ° ' C ° mme defini ci " de ^ at * 2 est un h y droxy<C, - 

(e) faire reagir un compose de la formule : 




\~-~NH 



A-X-R' 



dans laquelle R'. R2, rs R 4 a t y Kn . 



108 



EP 0 280 771 B1 



R 2 R J A-X-R 4 

v — S 




O R' 




R 5 



dans laquelle R 1 , R 2 , R 3 ( R*. A et X sont chacun comme defini ci-dessus et Rg est un (Ci-Ce)- 
alcaneimidoyle ou les sels de celui-ci. 

Procede selon la revendication 1 pour preparer un compose de la formule (i) dans laquelle : 

R 2 est un hydroxy (C, -COalkyle, 

R 3 est un hydrogene ou un (Ci -COalkyle, 

R 4 est un carbamoyloxy(C t -C*)alkyle; un [phenyl- (ou nitrophenyl-) (Ci -COalcoxy]carbonyloxy(Ci -C 4 )- 
alkyle; un [triphenyl(C, -C4)alcoxy](Ci -C^Jalkyle; un [tri(C, -COalkylsilyl]oxy(C, -COalkyle; un hydroxy(Ci- 
COalkyle; un hydroxy (Ci -COalkyle ayant un amino ou un phenyl- (ou nitrophenyl-)(Ci -C*)- 
alcoxycarbonylamino; un dihalo(Ci -COalkyle; un carbamoyl(Ci -C4)alkyle; un trihalo(C»-C*)- 
alcanoylcarbamoyl(C, -COalkyle; un N-[bis{(C, -C*)alcoxyphenyl}Ci -C4)alkyl]carbamoyl(Ci -COalkyle; un 
halosulfonylcarbamoyl(C, -COalkyle; un amino(Ci -COalkyle; un N-(phenyl (ou nitrophenyl-)(Ci -C*)- 
alcoxycarbonyl]amino(Ct-C*)alkyle; un (Ci -Cijalkylsulfonylaminotd -C^Jalkyle; un ureido(Ci -COalkyle; 
un phenyl(Ci -C4)alkylureido(Ci -COalkyle; un ureidocarbonyl(C, -C*)alkyle; un phenyl(C t -C*)- 
alkylureidocarbonyl(Ct-C<)alkyle; un trra2olyl(Ci -C*)alkyle; un groupe heteromonocyclique sature§ ou 
insature a 5 ou 6 elements contenant 1 a 4 atomes d'azote ou contenant 1 a 2 atomes de soufre et 1 a 
3 atomes d'azote, qui peut avoir un (Ci -COalkyle, un N ( N-di(Ci-C*)alkylamino(Ci-C*)alkyle ou un 
phenyl- (ou un nitrophenyl-) (Ci -C*)alcoxycarbonyle; ou un (Ci-COalkylsulfonyle; 
R 5 est un hydrogene ou un (Ci -COalcaneimidoyle, et 
A est un (Ci -C*)alcylene. 

Procede selon la revendication 2, dans lequel 
R 3 est un (Ci -C*)alkyle et 

R 4 est un carbamoyloxy(Ci -COalkyle; un hydroxy(Ci -Ci)alkyle; un hydroxy(C, -C4)alkyle ayant un 
amino ou un nitrophenyl(Ci -C4)-alcoxycarbonylamino; un difluoro(C, -C*)alkyle; un carbamoyl(Ci -C4)- 
alkyle; un amino(Ci -C4)alkyle; un N-[nitrophenyl(Ci -C4)alcoxycarbonylamino(Ci -C4)alkyle; un (C,-C 4 )- 
alkylsulfonylamino(C,-C4)alkyle; un ureido(Ci-C4)alkyle; un ureidocarbonyl(Ci -C4)alkyle; un triazolyl(Ci - 
C4)alkyle; un tetrazolyle, un pyrrolidinyle. un thiadiazolyle ou un tetrazolyle, ou lesdits groupes 
heterocycliques peuvent avoir un (C, -C4)alkyle, un N,N-di(Ci -C4)alkylamino(Ci -C*)alkyle ou un 
nitrophenyl(Ci-COalcoxycarbonyle; ou un (Ci -Cijalkylsulfonyle. 

Procede selon la revendication 3, dans lequel 
R 2 un hydroxyethyle, 
R 3 est un methyle, 

R 4 est un 2-hydroxyethyle, un 2-carbamoyloxyethyle, un 3-amino-2-hydroxypropyle, un difluoromethyle, 

un carbamoylmethyle, un 1-carbamoy1-1-methyl6thyle, un 2-aminoethyle, un 2-amino-1.l-dimethylethy- 

le. un 2-(methylsulfonylamino)ethyle, un 2-ureidoethyle, un 1 ,1-dimethyl-2-ureidoethyle, un ureidocarbo- 

nylmethyle. un 1,2,4-triazolylmethyle, un pyrrolidinyle. un thiadiazolyle, un 1 -methyl- 1 H-tetrazolyle, un 

1-[2-(N,N-dimethylamino)ethyl]-1 H-tetrazolyle, ou un methylsulfonyle, 

A est un methylene, et 

X est un soufre, un oxygene ou un imino. 

ProcedS selon la revendication 4 pour preparer le compose acide (4R,5S.6S)-3-[(2S,4S)-2-{(2-ureidoe- 

thyl)thiomethyl}pyrrolidin-4-yl^ 

£ne-2-carboxylique. 

Procede selon la revendication 4, dans lequel 

R 4 est un 2-hydroxyethyle. un 2-carbamoyloxyethyle. un carbamoylmethyle, un 1 -carbamoyl- 1-methyle- 
thyle. un 2-aminoethyle ou un 2-(methylsulfonylamino)ethyle et 
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X est un oxyg£ne. 




7. Proc6d6 seton la revendication 6 no 
& ProeM salon .a ravendfcuion 4. dans , Ml , e , 

/o 

^*4!^2?S?! : J , J n 8 ^° Ur '9 compose acide (4R 5S 6<?> « r« o, 

« io. ^ seIon (a reven , cation 2 ^ (eque( ^ ^ ^ 

11. ftocfttf selon .a revendication 10. dans iequel 

6St U " 9rau P e neteromonocyclique insa S a 5 ou 6 m . 

R* est un pyridyle, 
R s est un hydrogene, 
A est un methylene, et 
25 X est un soufre. 

1a Proo§de§ selon la revendication 12 oo„r «^ 
14. Precede pour ,a preparation d'un compose de la formu(e : 



» A-X-R« 
HS- 



40 



(III) 



45 



dans laquelle R* rs Apty Crt . . 

d e soumettre un composi dV.at^ ^ ^ « .es sels de ce,ui- c , qui cornprend 



A-X-R< 



55 



(Ilia) 



dans laquelle R«, rs a et x « nn , 

protecteur. ou les sels'de r*uL • * COmme d6fini ci-dessus et Ffi 

de celu,-c,. a une reaction domination du Qrouoe rl 9r ° Upe mer capto- 

au 9 rou PQ mercapto-protecteur rs. 
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15. Modification des precedes de rune quelconque des revendications 1 k 13 caracteVisee *n 

compose prepare par un precede selon I'une quelconque des revendications ?*S~„J «? " 
forme acceptable sur le plan pharmaceutique par melange ou presentaSon dudit com™- - * Une 
diluant ou un vecteur acceptable sur le plan pharmaceutique Pr6Sentat,on dud,t com P°*» avec un 
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